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Introduction

The imbalance of matter and antimatter:
üThe Big Bang should have created equal 

amounts of matter and antimatter 
üWe cannot detect significant amounts of 

antimatter in the universe
üLook into the night sky, only matters have been 

seen
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Predict: nmatter/nPhoton ~ 0
Experiment: nb/ng ~ (6.1 +/- 0.3) x 10-10



How can this happen?

In 1967, Andrei Sakharov proposed a set of three 
necessary conditions that a baryon-generating 
interaction must satisfy to produce matter and 
antimatter at different rates:

1. Baryon number violation

2. C-symmetry and CP-symmetry violation

3. Deviation from thermal equilibrium
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Andrei Sakharov on Soviet 
Nobel Peace Prize winners, 
the USSR stamp issued on 
14 May 1991



CP violation discrovery 

• 1964, Cronin and Fitch discovered the violation of 
CP in the decay of the long-lived, CP-odd neutral K 
meson into a CP-even final state:

Br(KL->p+p-) ~0.2% instead of zero

• Staring in 2001, BaBar and Belle experiments 
observed CP violation in B meson decays

• In 2019, LHCb announced the discovery of CP 
violation in Charm D0 decays.
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CP violation in the Standard Model
In the SM,  a quark turns into another quark by coupling to a W-boson

It turns out that with 3 generation of quarks we can easily incorporate CP 
violation into the SM: 

6
The Cabibbo-Kobayashi-Maskawa Marix (1973)



The CKM Matrix
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The two matrices are not identical (complex elements) 
This introduces a phase responsible for CP violation

CP violation in the K and B meson decay 
can be explained by the SM:
CP violation in the universe:

nb/ng ~ 10-20 (SM)

nb/ng ~ (6.1 +/- 0.3) x 10-10 (universe)

Search for new source for CP violation: Hyperon decays



Hyperon non-leptonic decay

• The Standard Model predicts that if CP violation 
happens, it must occur through specific kinds of 
quantum interference effects.
• Hyperon decay into baryon and pion via S wave 

(parity violation) and P wave (parity conservation) 
• Three decay parameters are defined depending 

on S and P
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CP observables

d designates the CP-conservation phase shift, and x stands for weak 
phase encoding the CP violation.
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BCP would exceed ACP in size by up to an order of magnitude



Predictions on CPV in hyperon decays

• S.Okubo, “Decay of the Sigma+ Hyperon and its antiparticle”, Phys. Rev. 109 (1958), 984-985
• A. Pais, “Notes on Antibaryon Interaction”, Phys. Rev. Lett. 3 (1959),242-244
• T. Brown, S.F. Tuan, and S. Pakvasa, “CP Noconservation in Hyperon Decays”, Phy. Rev. Lett. 51 

(1983), 1823
• L.L. Chau and H.Y. Chen, “Partial rate differences from CP violation in hyperon nonleptonic 

decays”, Phys. Lett. B 131 (1983), 202-208
• J.F. Donohue, X.G. He, and S. Pakvasa, “Hyperon decays and CP nonconservation”, Phys. Rev. D 34 

(1986), 833
• …
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Previous measurements

• Searches for CP violation in hyperon decay started in the mid-1980s.
• The first one: R608 Collaboration “Test of CP invariance in L decay”. 

• CERN LEAR and DM2 Collaboration: A ~ 0.1 (uncertainty).
• In 2004, HyperCP  Collaboration: Search for CP violation in Charged X

and L hyperon decays

11



BEPCII storage rings: a t-charm factory
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Update of BEPC (started 2004, first 
collisions July 2008)
Beam energy                   1 - 2.475 GeV

Optimum energy                 1.89  GeV

Single beam current                0.91 A

Crossing angle                        11mrad

Design luminosity       1×1033 cm-2 s-1

Achieved                      1×1033 cm-2 s-1



BESIII detectors
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• Main Drift Chamber (MDC)
• s(p)/p = 0.5%
• sdE/dX = 5.0%

• Time-of-flight (TOF)
• s(t) = 68ps (barrel)
• s(t) = 65ps (endcap)

• Electro Magnetic Calorimeter (EMC)
• s(E)/E = 2.5%
• sz,f(E) = 0.5 – 0.7 cm

• RPC MUON Detector 
• s(xy) < 2 cm



Hyperon pairs at BESIII
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J/y -> L L

15

Nature Phys. 15 (2019) 631

Unpolarized e+ e- beams -> Transverse polarization

The production process can be 
parametrized by two complex 
electromagnetic form factors GE and GM. 

Df is the relative phase between GE and 
GM,  which is related to the polarizations 
of hyperon.



Formulas

POLARIZATIONS
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Phys. Lett. B 772, 16 (2017)



J/y -> L L
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Nature Phys. 15 (2019), 631
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J/y -> L L
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Phys. Rev. Lett. 129 (2022), 131801
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• 10 Billion J/psi events are used to update the results.
• The decay parameters are consistent with previous 

measurements.
• Acp value is improved with both statistical and systematical 

uncertainties.
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J/y and y(3686) ->S+ S-
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The first CP test for S+ 

J/y y(3686)

CP asymmetry 
average decay asymmetry

5.6s

Phys. Rev. Lett. 125 (2020), 052004



Hyperon to Neutron Decays 

• First CP precision test of any hyperon decaying 
into neutron

• Select event S+->n p+ and anti-S- ->pbar p0 or 
c.c. with tagging methods

• Utilizing the polarized and entangled S+ anti-S-

pair in J/y decay
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J/y -> X- X+
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Nature 606 (2022) 7912

There are 73k events (190 background), the 8 parameters are 
estimated with unbinned MLL fit!



J/y -> X- X+
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First measurement of weak 
phase difference!

Independent measurement of 
aL

3 CP test

Nature 606 (2022) 7912



J/y -> X0 X0 and y(2S) -> X- X+
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Based on 10 billion J/ψ events collected at BESIII, About 
320000 quantum-entangled Ξ0-Ξbar0 pairs are 
reconstructed

A detailed study of quantum entangled Ξ0-Ξbar0 pairs has 
been performed through the process e+e-→ J/ψ → Ξ0

Ξbar0, Ξ0→Λ(→pπ-)π0, Ξbar0→Λbar(→pbar π+)π0

Phys. Rev. D 106, L091101 (2022)
Phys. Rev. D 108, L031106 (2023)



y(3686)->W- W+

• The spin of W- J= 3/2 has never unambiguously confirmed by experiments directly.
• Polarization of the W- can be studied with the W- weak decay chains, and decay parameters could 

be measured.
• Helicity amplitude method is used.
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Phys. Rev. Lett. 126, 092002 (2021)

3/2 is preferred over 1/2 with 
significance more than 14s

Not only observe vector 
polarization(r1), but also 
quadrupole (r6, r7, r8) and 
octupole(r10, r11) polarizations

Br(y(3686)->W+ W-) = 
(5.85 ± 0.12 ± 0.25) X 10-5

a = 0.24 ± 0.10
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Discussion and outlook
• A similar method could be used in the other c.m. energies for polarization and form 

factor studies.
• Study the DI = 1/2 rule in X and W decay
• Study the charm baryon decay
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Phys. Rev. Lett. 123, 122003 (2019)

Phys. Rev. Lett. 132, 081904 (2024)

arXiv: 2309.04139

Phys. Rev. Lett. 132, 101801 (2024)

Phys. Rev. Lett. 132, 031801 (2024)
Phys. Rev. D. 108, L091101 (2023)



Discussion and outlook
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K. Schonning et al. Chin.Phys.C 47, 052002 (2023)
X.G. He et al. Sci.Bull. 67, 1840-1843 (2022)

The SM predictions are below BESIII measurements by 2 orders of magnitude
If the presence of BSM, as a new source of CP violation, enhances the value in size concerning SM prediction 
PANDA and STCF as the future facilities have the potential to challenge the SM and BSM

Polarized electron beam improve 30% polarization of hyperons.
(N.Salone et al. Phys. Rev. D 105, 116022 (2022)）

A.A.Zholents, CERN-SL-92-27-AP

Monochromatic collision



Summary

• The Quantum entangle system supplies a good laboratory to study 
hyperon properties.
• Many interesting studies have been performed including the CP test, 

polarization, and isospin rules. 
• The precision in CP violation measurements below SM and BSM on 

the order of magnitude.
• More data and new techniques are needed in the hyperon studies.
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