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Our group

▶ Joined BESIII collaboration in July 2021
▶ Members

▶ dr. Varvara Batozskaya (IHEP, NCBJ)
▶ dr. Marcin Berłowski (NCBJ)
▶ prof. dr. hab. Andrzej Kupść (UU, NCBJ)
▶ mgr. Nora Salone (NCBJ)1

▶ Objectives of study
▶ CPV in s-quark baryon decays: nonleptonic, semileptonic, radiative
▶ 𝑌𝑌 produced at 𝑒+𝑒− colliders

1NCN grant 2019/35/O/ST2/02907
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BESIII @ BEPCII

▶ Beijing Electron-Positron Collider (BEPCII)
▶ 𝑒+𝑒− collider with 2.0 GeV < 𝐸CMS < 4.95 GeV
▶ 𝐿peak = 1033 cm−2 s−1

▶ Data taking since 2009

▶ Beijing Spectrometer (BESIII)
▶ Optimized for flavor physics
▶ Covering 93% of 4𝜋 solid angle
▶ 1.0 T super-conducting solenoid
▶ Momentum resolution: 𝜎(𝑝)/𝑝 = 0.5%
at 1 GeV/c

▶ Time resolution: 68 (65) ps in the barrel
(end cap)

[Nucl. Instrum. Meth. A598 (2009) 7]
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https://doi.org/10.1016/j.nima.2008.08.072


Lowest-lying hyperons at BESIII

▶ World’s largest charmonia sample in BESIII - 1010𝐽/𝜓, 3 × 109 𝜓(2𝑆)
▶ Baryon-antibaryon production in spin-entangled state

Decay B(×10−4) 𝜖 (%) 𝑁obs Reference
𝐽/𝜓 → ΛΛ̄ 19.43 ± 0.03 ± 0.33 42.37 ± 0.14 441 × 103 [PRD95(2017)052003]
𝐽/𝜓 → Σ0Σ̄0 11.64 ± 0.04 ± 0.23 17.83 ± 0.06 111 × 103 [PRD93(2016)072003]
𝐽/𝜓 → Ξ−Ξ̄+ 10.40 ± 0.06 ± 0.74 18.40 ± 0.04 43 × 103

𝜓(2𝑆) → ΛΛ̄ 3.97 ± 0.02 ± 0.12 42.83 ± 0.34 31 × 103 [PRD95(2017)052003]
𝜓(2𝑆) → Σ0Σ̄0 2.44 ± 0.03 ± 0.11 14.79 ± 0.12 6.6 × 103 [PRD93(2016)072003]
𝜓(2𝑆) → Ξ−Ξ̄+ 2.78 ± 0.05 ± 0.14 18.04 ± 0.04 5.3 × 103
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.052003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072003
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.052003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.072003


Hyperon decay formalism

Weak parity-conserving (P) and
-violating (S) amplitudes

A = 𝑆 + 𝑃®𝜎 · �̂�

𝑆 = |𝑆 | exp (𝑖b𝑆) exp (𝑖𝛿𝑆)
𝑃 = |𝑃 | exp (𝑖b𝑃) exp (𝑖𝛿𝑃)

Two measurable parameters

𝛼 =
2ℜ(𝑆∗𝑃)
|𝑆 |2 + |𝑃 |2

𝛽 =
2ℑ(𝑆∗𝑃)
|𝑆 |2 + |𝑃 |2

=
√︁

1 − 𝛼2 sin 𝜙

𝐴CP =
𝛼 + �̄�

𝛼 − �̄�

ΦCP =
𝜙 + 𝜙
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Updated values

[Nature Phys. 15 (2019) 631]

[Nature 606, 64–69 (2022)]
[Phys.Rev.Lett. 129 (2022) 131801]

𝐴Λ = − tan(𝛿Λ𝑃 − 𝛿Λ𝑆 ) tan(bΛ𝑃 − bΛ𝑆 ) = −0.0025(46)
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https://www.nature.com/articles/s41567-019-0494-8
https://www.nature.com/articles/s41586-022-04624-1
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801


Baryon polarization in BESIII

[V. Batozskaya, BEACH22]

Produced 𝐵 polarization from unpolarized 𝑒− beam:

𝑃𝑦 (cos \) =

√︃
1 − 𝛼𝜓

2 cos \ sin \

1 + 𝛼𝜓 cos2 \
sin(ΔΦ)

Decay angular distribution:

dΓ
dΓ

∝ 1 + 𝛼𝜓 cos2 \
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Baryon polarization with polarized beam

With a polarized 𝑒− beam: 𝑃𝑥 , 𝑃𝑧 ≠ 0

©«
1+𝛼𝜓 cos2\ 𝛾𝜓𝑃𝑒 sin \ 𝛽𝜓sin \ cos \ (1 + 𝛼𝜓)𝑃𝑒 cos \
𝛾𝜓𝑃𝑒 sin \ sin2\ 0 𝛾𝜓sin \ cos \

−𝛽𝜓sin \ cos \ 0 𝛼𝜓 sin2\ −𝛽𝜓𝑃𝑒 sin \
−(1 + 𝛼𝜓)𝑃𝑒 cos \ −𝛾𝜓sin \ cos \ −𝛽𝜓𝑃𝑒 sin \ −𝛼𝜓−cos2\

ª®®®¬
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Baryon polarization with polarized beam

CP tests sensitivities, 𝑃𝑒-dependent:

ST
DT
ST a
DT a

▶ Quantifiable improvement in predicted sensitivities with 𝑃𝑒 ≠ 0
▶ Contributions from baryon polarization and spin-entanglement can be
distinguished using developed analytical approach
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CPV in hyperon decays

𝐴CP = − tan(𝛿𝑃 − 𝛿𝑆) tan(b𝑃 − b𝑆)

ΦCP =
𝛼

√
1 − 𝛼2

cos 𝜙 tan(b𝑃 − b𝑆)

𝑆, 𝑃 amplitudes expanded up to LO
Δ𝐼 = 1/2 linear corrections
[PRD105(2022)116022]

[Nature 606, 64–69 (2022)]:
▶ first measurement of CP-odd phase difference

b𝑃−b𝑆 = (1.2±3.4±0.8)×10−2rad SM : b𝑃−b𝑆 = (−2.1±1.7)×10−4rad

▶ First measurement of Ξ− polarization and decay parameters (directly)

ΔΦ = 1.213 ± 0.046 ± 0.016
𝛼Ξ = −0.376 ± 0.007 ± 0.003, 𝜙Ξ = 0.011 ± 0.019 ± 0.009 rad
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
https://www.nature.com/articles/s41586-022-04624-1
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022
https://www.nature.com/articles/s41586-022-04624-1
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.116022


Nonleptonic decays review

New data situation from BESIII called for an update of the theoretical
predictions:
▶ Δ𝑆 = 1, 𝐵1 → 𝐵2𝜋 decays in 𝜒𝑃𝑇 up to 1-loop corrections
▶ updated values of 𝑆, 𝑃 amplitudes and baryon-meson coupling
▶ funded by NAWA "Preludium Bis 1" grant no.
PPN/STA/2021/1/00011/U/00001

▶ 6-month fellowship in Uppsala University, Sweden
▶ joint, ongoing collaboration Warsaw - Uppsala - Valencia
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Thank you for the attention!
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