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Matter

Anti-matter

• According to the Big Bang theory:

ü Matter and anti-matter have the same amount

• The observed universe is matter dominant:

!" − !$" /!&~10*+,

• The standard model predicted value!

!" − !$" /!&~10*+-

• Why has the anti-matter disappeared"

• Sakharov’s three conditions#

ü Baryon number violation 

ü C and CP violation 

ü Thermal non-equilibrium
Pisma Zh. Eksp. 
Teor. Fiz., 1967, 
5: 32-35

Mystery of matter-antimatter asymmetry
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Search for CPV in the baryon system is one of the main goals in today’s large collider experiments.

Roadmap of CP violation in flavored hadrons 

! meson "#V % meson "#& ' meson "#& Baryon

1964 2001 2019

James Watson 
Cronin

Val Logsdon 
Fitch

[1] Phys. Rev. 104 (1956) 254-258 
[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)

Ø All of them are consistent with CKM theory in the Standard Model but too small to 

explain the matter-dominant world.

5.2+ CPV in Λ- decay: 
Λ- → /0102!2

Nature 643 (2025) 1223

Breaking news from LHCb!
21 Mar 2025
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Non-leptonic hyperon decays
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The amplitude of spin-1/2 hyperon !" decay to a spin-
1/2 baryon !# and a $ can be completely described by 
three decay parameters: %&' + )&' + *&' = 1

-. convervation!%& = −0%&" 1& = − 01&

)& = 1 − %&'
2
'3451&，*& = 1 − %&'

2
'6731&

Phys. Rev. 108, 1645 (1957)
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Semileptonic decays: Extraction of Vus

In the SM：First-row unitarity relation

!"# $ + !"& $ + !"' $ = 1

2.3- tension

A hint of new physics?

PDG 2025：Independent measurements 

!"# $ + !"& $ + !"' $ = 0.9984 ± 0.0007

!"' : Small（ !"' $ ≅ 1.5×1078） The effect could be ignored in current precision

!"# : Most precise; results from different decays are consistent at 9(107;) Precise and reliable

!"& : - !"& = 2.6×- !"# ；inconsistence between results from different decays

Kaon：2.2- tension from CKM unitarity

!"& = 0.2243 ± 0.0008
Tau：3.6- deviation from CKM unitarity

!"& = 0.2207 ± 0.0014
Hyperon：consistent with CKM unitarity

!"& = 0.2250 ± 0.0027

Most precise Second most precise Largest uncertainty

2.2> tension Dominated by the ? → AB7CDB

PRL 92, 251803 (2004)

PDG 2024 HFLAV 2022

Prelude: The Cabibbo-angle anomaly
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https://doi.org/10.1103/PhysRevLett.92.251803


Other topics of hyperon physics
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• Hyperon weak radiative decays
• flavor changing neutral current (FCNC) process (s → #$ transition)
• significant non-perturbative QCD effects
• …

• Hyperon-nucleus interactions
• Hyperon puzzle in neutron stars

• ……
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Study hyperons at BESIII

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

Decay mode !(×$%&') )!(×$%*)
+/- → Λ0Λ 1.89 ± 0.09 ~18.9
+/- → Σ9:Σ9 1.172 ± 0.032 ~11.7
+/- → Σ>:Σ& 1.07 ± 0.04 ~10.7
+/- → Ξ9:Ξ9 1.17 ± 0.04 ~11.7
+/- → Ξ&:Ξ> 0.97 ± 0.08 ~9.7
-(2A) → Ω&0Ω> 0.057 ± 0.003 ~0.17

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

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

A hyperon factory
PhiPsi2026Jun. 8-11, 2026, Italy
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!"!# → %/' → ()(, ( → +,#, )( → )+,"

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)

Independent measurement of -#, -"

Test CP symmetry

polarization

PhiPsi2026Jun. 8-11, 2026, Italy

Differential cross-section of this process:

If sinΔΦ ≠ 0, Λ is transverse polarized.



Phys. Rev. Lett. 129, 131801

Search for CPV in ! decay
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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

• Most precise measurement of Λ decay parameter
• Most precise #$% measurement in hyperon decay:

#$% =
' + )'
' − )' = −0.0025 ± 0.0046 ± 0.0011

3.2 M Λ3Λ pairs were reconstructed.

Newest BESIII results
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• Opposite directions of Σ" polarizations in #/% and % 3686 decays	

• Most precise measurements of the Σ" decay parameters

• Most precise CP test in the decays of Σ"

Search for CPV in 0" decay
Polarizations of Σ"

1"12 → 4/5,5(89:9) → 0"<02, 0" → =>?, <@ → <=>?

10B #/% and 2.7B %(3686)
Phys. Rev. Lett. 131, 191802 (2023)

Polarization ratio of Σ" between #/% and %(3686) decays

1.12 M Σ"AΣ2 pairs reconstructed

PhiPsi2026Jun. 8-11, 2026, Italy

Phys. Rev. Lett. 135, 141804 (2025)



Semileptonic decays: Determination of form factors

Γ"# =
ℬ&→()*+,-

.&
=
/0
1 234

156 0
1Δ9

60;<
[(1 −
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2
C +
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C1) +

4

7
C1HI

1

+ 3 −
9

2
C +

12

7
C1 HKL

1 +
12

7
C1HKL1

1 +
6

7
C1HI + (−4C + 6C

1)HKLHKL1]

Ø Extracting 234 , requires ℬ&→()*+,-，56(0)，HKL ≡
OP(Q)

RP(Q)
, HI ≡

RS(Q)

RP(Q)
, and HKL1 ≡

OS(Q)

RP(Q)
,

p 56(0): From LQCD

p ℬ&→()*+,-，HKL, HI, and HKL1：From experimental measurement

C ≡
T& −TU

T&

PRD 70, 114036 (2004)
Δ ≡ T& −TU

Decay width of V → WXY+ZX in the SM

PRL 114, 161802 (2015)
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Determination of form factors of ! → #$%&'$
BESIII: arXiv:2509.09266Observable This work Previous result

()*% 0.742%0.012
30.021 ± 0.009 0.718 ± 0.015 [PDG2024]

()*
3 −0.706%0.02;

30.0<= ± 0.014 -

⟨()*⟩ 0.729%0.0@2
30.0@A ± 0.007 -

(B% 0.93 ± 0.51 ± 0.17 0.15 ± 0.30 [PRD41(1990)780]

(B3 0.89 ± 0.49 ± 0.20 -

⟨(B⟩ 0.89 ± 0.35 ± 0.14 -

⟨()*⟩ 0.706%0.0A<
30.0A= ± 0.026 -

⟨(B⟩ 0.77%0.@=
30.1; ± 0.14 -

⟨()*D⟩ −0.19%0.<;
30.<1 ± 0.18 -

Assuming
()*D = 0

The innovative methodology significantly 
enhances the single-event sensitivity

Ø This work: 
1.8 F 10; events → G HIJ = 0.049,

G HK = L. MN
Ø Fermilab [PRD41(1990)780]: 

37 F 10; events → GHIJ = 0.020
GHK = L. ML

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

Ø The first usage of joint angular-
distribution fit method in hyperon
semi-leptonic dacyas.

Jun. 8-11, 2026, Italy PhiPsi2026 13



Extraction of |"#$| from % → '()*+(
BESIII: arXiv:2509.09266Ø Assume SU(3) symmetry is conserved, ,- = 3/2 [PRL92(2004)251803]

234 56 7 = 0.2190 ± 0.0036>?5@@@ >A ± 0.0087>?5@@@ AA ± 0.0004EF ± 0.0005HI

Ø Using LQCD FF prediction [PRL 135, 231901 (2025) ]

234 JKIL = 0.2339 ± 0.0038>?5@@@ >A ± 0.0004MF ± 0.0006HI ± 0.0011JKIL

PhiPsi2026Jun. 8-11, 2026, Italy 14
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Absolute BF measurement of ! → #$%&'$

Consistent
with LFU
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-
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eν
-

pe→Λ
Other backgrounds

(5* = 64 ± 9

ü Update measurement after a 50-year hiatus

ü The first study of its absolute BF

ü The most precise result to date

678 =
ℬ(; → <=%?̅7)

ℬ(; → <A%?̅8)B5C
= 0.178 ± 0.028

First absolute BF measurement

ℬ Λ → <=%?̅7 = (1.48 ± 0.21 ± 0.08)×10%H

ΔJB =
ℬK→L7MNOP − ℬNK→L̅7ROP
ℬK→L7MNOP + ℬNK→L̅7ROP

= 0.02 ± 0.14 ± 0.02

Test lepton flavor universality 

Search for CP violation

Consistent
with CP symmetry

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

0.153 ± 0.008

PhiPsi2026Jun. 8-11, 2026, Italy



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

16

Polarizations 
of Σ"

Search for Strong CPV in #$(→ '() decay

The CPV sources in SM:
• Weak interaction, CKM (observed, but too small)
• Strong interaction, *-term (Not yet observed)

+,+- → ./0,0(3686) → Σ" → Λ6 7Σ" → 7Λ6 , Λ → 89-, 7Λ → 8̅9,
10 B ./0 and 2.7 B 0(3686)

Opposite directions of the Σ" polarization

The first strong-CP test in hyperon decays.

The first attempt to measure the P-
violating decay parameter of Σ → Λ6.

Similar behavior is 
observed in Σ,, 
but not in Λ or Ξ!

PhiPsi2026Jun. 8-11, 2026, Italy
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4. " #

$/& Σ(

)Σ*,̅

-
,

./

- -

0(

0*

The decay rate deviates from
previous value by 4.21

The decay BF  (0.996 ± 0.0227898 ± 0.0177<78) ×10*>
The decay parameter:  −0.651 ± 0.0567898 ± 0.0207<78

The CP asymmetry is calculated to be

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

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

Radiative decay: A( → CD in E/F → A(GA*

PhiPsi2026Jun. 8-11, 2026, Italy



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

intense monoenergetic Ξ0 baryon

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

#$% → '() is observed
for the first time

For Ξ0 momentum is 0.818 GeV/c

(assuming the effective number of reaction neutrons in 9Be is 3)

Phys. Rev. Lett. 130 (2023) 251902 

DT method

The cross sections of Λ. → Σ01, Λ2 → Λp, and 4Λ2 → 4Λp
have also been measured with the same method.

PRC 109 (2024) 5, L052201
PRL 132, 231902 (2024) 
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First study of anti-hyperon-nucleon interaction at BESIII 
Phys. Rev. Lett. 136, 171904 (2026)Reaction chain: J/# → Λ&Λ, &Λ + ) → *+,+,- + .,/ (. = 1,2,3)

Two-body decay, 6&7 ≈ 1.074 GeV/=

hydrogen in the cooling oil 

Target First observation Intermediate 
*∗ 892 + in 
. = 1 channel

*+,+,-,/
*+,+,-2,/

Jun. 8-11, 2026, Italy 19PhiPsi2026
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Study hyperon-nucleus interaction at BESIII 

!/#
# 3686

'()*Λ

Λ*Λ

Σ-.Σ)

Ξ).Ξ-

Ω)*Ω-

Λ + '
Σ-2
(-ΛΛ
(-Ξ)'

Λ + 2 Σ)'
Σ) + ' Σ32, Λ2
Σ- + 2 Σ3', Λ'
Ξ) + ' Ξ32, ΛΛ
Ξ3 + 2 ΛΛ

Hyperon beam Possible reactions 

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

PhiPsi2026Jun. 8-11, 2026, Italy

Many interesting results will be coming soon,
expecially for anti-hyperon-nucleon interaction!
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Summary
• BESIII has made fruitful achievements in hyperon decays!

ü Hyperon polarization measurement and CPV searches

ü Hyperon semi-leptonic decays

ü Hyperon weak radiative decays

ü Hyperon-nucleon interaction studies

ü …

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

PhiPsi2026Jun. 8-11, 2026, Italy
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The perfect reaction for hyperon !"# searches!

$%$& → (/* → Ξ,Ξ
↳
↳

↱/0
↱spin-aligned quantum entangled
10&

210%
2/0

Λ

2Λ

Search for CPV in 4 decay
Phys. Rev. D 99, 056008 (2019)
Phys. Lett. B  772, 16 (2017)

Through the sequential decays of Ξ, the CPV phase 
can be directly measured!
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1.3 billion !/#

Search for CPV in $ decay

10 billion !/#

Phys. Rev. D 108, L031106 (2023)

PRD(L) Editor’s Suggestion

The precision of our analysis (73K Ξ&'Ξ() is comparable 
with the measurement from HyperCP (144M events), 
which means that the accuracy of a single event is more 
than 1000 times higher than HyperCP!

First measurements of the 
weak (CPV) phase 
difference in Ξ&/Ξ) decays

Three CP tests in 
Ξ&/Ξ) decays

The results have been updated with 10B !/#,
consistant, but with much improved precision. 

Ξ)Ξ&
320K Ξ)'Ξ) pairs

PhiPsi2026Jun. 8-11, 2026, ItalyPhys. Rev. Lett. 136, 201802 (2026)


