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Hyperon non-leptonic decays

▶ Non-leptonic 𝐵 → 𝑏𝜋

▶ ΔS = 1 transitions
of lowest-lying 𝑠-baryons

Focus on:
▶ 𝑌𝑌 spin-entangled pairs produced at 𝑒+𝑒− collider: feasibility studies.
▶ 𝑌 decays theoretical description in 𝜒PT.
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Hyperon decay formalism

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

A = 𝑆 + 𝑃®𝜎 · 𝑛̂

CP-odd and final state interaction phases
[Donoghue et al.(1986)]

𝑆 = |𝑆 | exp (𝑖𝜉𝑆) exp (𝑖𝛿𝑆)
𝑃 = |𝑃 | exp (𝑖𝜉𝑃) 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

Two CP violation tests

𝐴CP =
𝛼 + 𝛼̄

𝛼 − 𝛼̄

ΦCP =
𝜙 + 𝜙

2
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Motivation: new data landscape

[Nature Phys. 15 (2019) 631]

[Nature 606, 64–69 (2022)]

[Phys.Rev.Lett. 129 (2022) 131801]
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CPV in hyperon decays

𝑆, 𝑃 = 𝑓 (𝜉𝑆,𝑃 , 𝛿𝑆,𝑃) =⇒
{
𝛼 ∝ ℜ(𝑆∗𝑃)
sin 𝜙 ∝ ℑ(𝑆∗𝑃)

𝑆, 𝑃 amplitudes
expanded up to LO
Δ𝐼 = 1/2 linear
corrections
[Salone et al. (2022)]

𝐴CP = − tan(𝛿𝑃 − 𝛿𝑆) tan(𝜉𝑃 − 𝜉𝑆)

ΦCP =
𝛼

√
1 − 𝛼2

cos 𝜙 tan(𝜉𝑃 − 𝜉𝑆)

▶ first measurement of CP-odd phase difference

[BESIII collab. (2022)] : 𝜉𝑃 − 𝜉𝑆 = (1.2 ± 3.4 ± 0.8) × 10−2 rad

SM : 𝜉𝑃 − 𝜉𝑆 = (−2.1 ± 1.7) × 10−4 rad
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Lowest-lying hyperons @ BESIII

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

[V. Batozskaya, BEACH22]

Decay B(×10−4) 𝛼𝜓 ΔΦ (rad) BESIII collaboration
𝐽/𝜓 → ΛΛ̄ 19.43(3) 0.461(9) 0.740(13) [2019, 2017a]
𝐽/𝜓 → Σ+Σ̄− 15.0(24) −0.508(7) −0.270(15) [2008, 2020]
𝐽/𝜓 → Σ−Σ̄+ .. .. .. ongoing analysis
𝐽/𝜓 → Σ0Σ̄0 11.64(4) −0.449(20) .. [2017a]
𝐽/𝜓 → Ξ0Ξ̄0 11.65(43) 0.66(6) .. [2017b]
𝐽/𝜓 → Ξ−Ξ̄+ 9.7(8) 0.586(16) 1.213(48) [2020, 2022]
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Baryon polarization @ BESIII

®P𝐵 polarization:

P𝐵,𝑦 (cos 𝜃) =

√︃
1 − 𝛼𝜓

2 cos 𝜃 sin 𝜃

1 + 𝛼𝜓 cos2 𝜃
sin(ΔΦ)

Final 𝑏 angular distribution:

dΓ
dΩ

∝ 1 + 𝛼𝐵
®P𝐵 · n̂

Joint 𝐵𝐵̄ density matrix [Perotti et al. (2019)]:

𝜌𝐵𝐵̄ =

3∑︁
𝜇,𝜈=0

𝐶𝜇𝜈𝜎
𝐵
𝜇 ⊗ 𝜎𝐵̄

𝜈
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Baryon polarization with polarized beam

[Perotti et al. (2019)]

With a polarized 𝑒− beam [Salone et al. (2022)]: P𝐵,𝑥 ,P𝐵,𝑧 ≠ 0

𝐶𝜇𝜈 =

©­­­«
1+𝛼𝜓 cos2𝜃 𝛾𝜓𝑃𝑒 sin 𝜃 𝛽𝜓sin 𝜃 cos 𝜃 (1 + 𝛼𝜓)𝑃𝑒 cos 𝜃
𝛾𝜓𝑃𝑒 sin 𝜃 sin2𝜃 0 𝛾𝜓sin 𝜃 cos 𝜃

−𝛽𝜓sin 𝜃 cos 𝜃 0 𝛼𝜓 sin2𝜃 −𝛽𝜓𝑃𝑒 sin 𝜃
−(1 + 𝛼𝜓)𝑃𝑒 cos 𝜃 −𝛾𝜓sin 𝜃 cos 𝜃 −𝛽𝜓𝑃𝑒 sin 𝜃 −𝛼𝜓−cos2𝜃

ª®®®¬
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Baryon polarization with polarized beam

CP tests uncertainties, 𝑃𝑒-dependent:

ST
DT
ST an
DT an

▶ Quantifiable improvement in predicted uncertainties with 𝑃𝑒 ≠ 0
▶ Additional information to ®P𝐵 and spin-entanglement contributions

Beam polarization: a useful tool on the road to reach SM CPV
uncertainties!
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Nonleptonic decays review1

New data situation from BESIII calls for an update of theoretical predictions:

▶ Focus on ΔS = 1, 𝐵 → 𝑏𝜋 decays in 𝜒PT up to 1-loop corrections

▶ Goal: updated values of 𝑆, 𝑃 amplitudes and baryon-meson coupling
▶ joint, ongoing collaboration Warsaw - Uppsala - Valencia

1NAWA grant no. PPN/STA/2021/1/00011/U/00001
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Theoretical framework

Previous studies:
▶ Decay amplitudes computed in

heavy-baryon approximation.

▶ Correct power-counting, but
shifting of analytical properties.

▶ Good description of 𝑆-waves,
large chiral correction to
𝑃-waves [Jenkins(1992),Borasoy et
al.(1999),El-Hady et al.(2000)].

Our goal:
▶ Decay amplitudes computed in

fully relativistic framework.
▶ EOMS-fixed power-counting,
included higher-order terms.

▶ First attempt at computing such
decay amplitudes in relativistic
𝜒PT.

How do new data + relativistic approach affect 𝑆, 𝑃-wave
description?

11 / 13
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Preliminary results

Decay 𝑆 𝑆old 𝑃 𝑃old

Σ+ → 𝑛𝜋+ 0.06(1) 0.06(1) 1.81(1) 1.81(1)
Σ+ → 𝑝𝜋0 −1.38(2) −1.43(5) 1.24(3) 1.17(7)
Σ− → 𝑛𝜋− 1.88(1) 1.88(1) −0.06(1) −0.06(1)
Λ → 𝑝𝜋− 1.38(1) 1.42(1) 0.63(1) 0.52(2)
Λ → 𝑛𝜋0 −1.03(1) −1.04(1) −0.41(1) −0.39(4)
Ξ− → Λ𝜋− −1.99(1) −1.98(1) 0.39(1) 0.48(2)
Ξ0 → Λ𝜋0 1.51(1) 1.52(2) 0.27(1) 0.33(2)

Table: Comparison between amplitude values [Jenkins(1992)].
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Conclusions and outlook

▶ BESIII collab.: 5𝜎 deviation on 𝛼Λ value.
▶ Updated CPV tests on 𝑌 ΔS = 1 decays in current and next-gen 𝑒+𝑒−
colliders.

▶ Impact of polarized 𝑒− beam on CPV tests sensitivities compared to SM.
▶ Review of theoretical description in view of the new data and current
methods: independent constraints on 𝑆, 𝑃 waves (ongoing analysis).
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