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Motivation

➢ 𝚲 baryon EMD/MDM measurement through spin polarization vector precession 

in the magnetic field

➢ Require first polarization measurement of 𝚲 before precession

➢ A particular case in the laboratory frame:

𝑷𝟎 = 𝟎, 𝟎, 𝑷𝟎

𝑩 = 𝟎,𝑩𝒚, 𝟎
𝑷𝒇 = (−𝑷𝟎 𝐬𝐢𝐧𝝓, − 𝑷𝟎

𝒅𝜷

𝒈
𝒔𝒊𝒏𝝓, 𝑷𝟎 𝐜𝐨𝐬𝝓)

➢ Higher 𝑷𝟎 → higher sensibility on dipole moments
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Initial 𝚲 polarization in LHCb

➢ 𝚲 directly produced from 𝒑𝒑 collisions via strong interactions:

✓ Initial polarization is perpendicular to production plane, 𝒑𝐛𝐞𝐚𝐦 × 𝒑𝚲

✓ Polarization increase with 𝑷𝑻(𝚲)

✓ Not easy to reconstruct 

✓ Prompt 𝚲 is not polarized at LHC [*]

➢ 𝚲 produced from heavy baryon weak decays:

✓ Large longitudinal polarization: ~ − 𝟗𝟎% in 𝚲𝐜
+ → 𝚲𝝅+

✓ Polarization measured via analysis angular distribution of 𝚲 → 𝒑𝝅−

decay
[*]G. Aad et al. [ATLAS], Phys. Rev. D 91, 032004 (2015)
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Source and production of 𝚲 (c-baryon decays)

[*] F. J. Botella, L. M. Garcia Martin, D. Marangotto, F. M. Vidal, A. Merli, N. Neri, A. Oyanguren and J. R. Vidal, Eur. Phys. J. C77, 181 (2017)

[*]

Decays are working in progress:

✓ Ξ𝑐
0 → Λ𝐾−𝜋+

✓ Λ𝑐
+ → Λ𝜋−𝜋+𝜋+

✓ Ξ𝑐
0 → Ξ− → Λ𝜋− 𝜋+

✓ Ξ𝑐
0 → Ξ−𝜋−𝜋+𝜋+

‘short-lived’ ‘long-lived’



➢ 𝚵𝒄
𝟎 → 𝚵−𝝅−𝝅+𝝅+
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Available candidates after selection

Decays Data sets Yields Purity

𝚵𝐜
𝟎 → 𝚲𝑲−𝝅+ 2015/16/17 ~𝟔𝟎k ~𝟓𝟎%

𝚲𝐜
+ → 𝚲𝝅−𝝅+𝝅+ 2016 ~𝟐𝟒k ~𝟓𝟒%

𝚵𝐜
𝟎 → 𝚵−𝝅+ 2017 ~𝟐𝟑k ~𝟖𝟎%

𝚵𝐜
𝟎 → 𝚵−𝝅−𝝅+𝝅+ 2017MagUp ~𝟎. 𝟒k ~𝟏𝟓%

➢ 𝚲𝒄
+ → 𝚲𝝅−𝝅+𝝅+➢ 𝚵𝒄

𝟎 → 𝚲𝑲−𝝅+

➢ 𝚵𝒄
𝟎 → 𝚵−(→ 𝚲𝝅−)𝝅+
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𝚲 baryon polarization in 𝚵𝒄
𝟎 → 𝚲𝑲−𝝅+ decay

Sensitivity 𝑷𝒙 𝑷𝒚 𝑷𝒛 |𝑷|

𝚵𝐜
𝟎 → 𝚲𝑲−𝝅+ ±𝟎. 𝟎𝟏 ± 𝟎. 𝟎𝟏 ±𝟎. 𝟎𝟏𝟑 ± 𝟎. 𝟎𝟎𝟓 ±𝟎. 𝟎𝟏𝟒 ± 𝟎. 𝟎𝟎𝟒 ±𝟎. 𝟎𝟐 ± 𝟎. 𝟎𝟏

• Good sensitivity on polarization but it may not be as large as other week decays.

• 𝜶𝚲 is fixed as PDG value

𝒅𝚪

𝒅𝛀
𝐜𝐨𝐬𝜽𝒑 , 𝝓𝒑, 𝑷 ∝ 𝟏 + 𝜶𝚲𝑷𝒙 𝐬𝐢𝐧 𝜽𝒑 𝐜𝐨𝐬𝝓𝒑 + 𝜶𝜦𝑷𝒚 𝐬𝐢𝐧𝜽𝒑 𝐬𝐢𝐧𝝓𝒑 + 𝜶𝚲𝑷𝒛 𝐜𝐨𝐬𝜽𝒑

Signal Bkg
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𝚲 baryon polarization dilution

➢ Interference of polarization of different decay chains

➢ Polarization suppressed in strong decays [*].

[*] F. Becattini, I. Karpenko, M. Lisa, I. Upsal and S. Voloshin, Phys. Rev. C 95, 054902 (2017)

𝑷𝚲 = 𝑪 ⋅ 𝑷𝑴, 𝑪 < 𝟏

𝑷𝑴: polarization of the mother particle

𝚵𝒄
𝟎 → 𝚲𝑲∗ 𝟖𝟗𝟐 𝟎

𝚵𝒄
𝟎 → 𝚺∗ 𝟏𝟑𝟖𝟓 +𝑲−

𝚵𝒄
𝟎 → 𝚵∗ 𝟏𝟔𝟗𝟎 −𝝅+

𝚵𝒄
𝟎 → 𝚵∗ 𝟏𝟖𝟐𝟎 −𝝅+
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𝚲 baryon polarization dilution

➢ Interference of polarization of different decay chains

Decay |𝑷|

𝚵𝒄
𝟎 → 𝚲𝑲∗ 𝟖𝟗𝟐 𝟎

Only 2-body week decay ~𝟎. 𝟒𝒙

Interference of different resonances ~𝟎. 𝟐𝒙

✓ Only 2-body week decay ✓ Interference of different resonances
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𝚲 baryon polarization dilution

➢ Polarization suppressed in strong decays

Decay |𝑷|

𝚵𝒄
𝟎 → 𝚺∗ 𝟏𝟑𝟖𝟓 +𝑲− 𝚺∗ 𝟏𝟑𝟖𝟓 + → 𝚲𝝅+ (𝟑/𝟐− → 𝟏/𝟐+𝟎+) ~𝟎. 𝟏𝒙

𝚵𝒄
𝟎 → 𝚵∗𝝅+

𝚵∗ 𝟏𝟔𝟗𝟎 − → 𝚲𝑲− (𝟏/𝟐− → 𝟏/𝟐+𝟎+) ~𝟎. 𝟐𝒙

𝚵∗ 𝟏𝟖𝟐𝟎 − → 𝚲𝑲− (𝟑/𝟐+ → 𝟏/𝟐+𝟎+) ~𝟎. 𝟎𝒙



Signal Bkg
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𝚲 baryon polarization in 𝚲𝒄
+ → 𝚲𝝅−𝝅+𝝅+ decay

➢ Angular distribution of 𝚲 → 𝒑𝝅−

𝑯 𝐜𝐨𝐬𝜽𝒑 , 𝝓𝒑 ∝ 𝟏 + 𝜶𝚲[(𝒔𝒙 𝐜𝐨𝐬𝝓𝒑 + 𝒔𝒚 𝐬𝐢𝐧𝝓𝒑) 𝒔𝒊𝒏𝜽𝒑 + 𝒔𝒛 𝐜𝐨𝐬 𝜽𝒑]

Sensitivity 𝑷𝒙 𝑷𝒚 𝑷𝒛

𝚲𝐜
+ → 𝚲𝝅−𝝅+𝝅+ ±𝟎. 𝟎𝟐 ± 𝟎. 𝟎𝟏 ±𝟎. 𝟎𝟐 ± 𝟎. 𝟎𝟐 ±𝟎. 𝟎𝟐 ± 𝟎. 𝟎𝟏

• Based on 2016 data set and only ΛDD sample

• 𝜶𝚲 is fixed as PDG value
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𝚲 baryon polarization in 𝚲𝒄
+ → 𝚲𝝅−𝝅+𝝅+ decay

• Strong dependence on 𝒒𝟐 as suggested by leading order diagram

• Further studies to investigate the link between polarization and 𝒒𝟐

𝒄 𝒔
𝑾+

𝒒𝟐 = 𝒑𝚲𝒄+ − 𝒑𝚲
𝟐
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Resonant structures in 𝚲𝒄
+ → 𝚲𝝅−𝝅+𝝅+

• A partial-wave-analysis work is ongoing
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𝚲 baryon polarization in 𝚵𝒄
𝟎 → 𝚵−(→ 𝚲𝝅−) 𝝅+ decays

➢ Definition with helicity amplitudes and helicity coordinate system.

➢ The parameters can be extracted from angular formula:

• (𝑷𝒙, 𝑷𝒚, 𝑷𝒛): the polarization of Ξ𝑐
0

• (𝜶, 𝜷, 𝜸): asymmetry parameters of Ξ𝑐
0

• (𝜶𝟏, 𝜷𝟏, 𝜸𝟏): asymmetry parameters of Ξ−(Ω−)

Helicity 
angle

Helicity
amplitudes

Lee-Yang
Parameters

(𝜃, 𝜙) ℋ𝑚,ℋ𝑚′ 𝛼, 𝛽, 𝛾

(𝜃1, 𝜙1) ℎ𝜆1 , ℎ𝜆1′ 𝛼1, 𝛽1, 𝛾1

(𝜃2, 𝜙2) 𝑓𝜆2 , 𝑓𝜆2′ 𝛼2, 𝛽2, 𝛾2

< As the first step >

➢ With the full angular formula              𝚲 polarization
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Angular distribution of 𝚵𝒄
𝟎 → 𝚵−(→ 𝚲𝝅−) 𝝅+

Sensitivity 𝜶 𝝓(°) 𝜶𝟏 𝝓𝟏(°)

Decay Pars ±𝟎. 𝟎𝟐 ±𝟐𝟏. 𝟓 ±𝟎. 𝟎𝟐 ±𝟐. 𝟓

Sensitivity 𝑷𝒙 𝑷𝒚 𝑷𝒛

polarization of 𝚵𝒄
𝟎 ±𝟎. 𝟎𝟐 ±𝟎. 𝟎𝟐 ±𝟎. 𝟎𝟐

• Based on 2017 data set and only ΛDD𝜋L sample
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Summary

➢ A precise measurement of 𝚲 baryon polarization in charm baryon 

decay is promising.

➢ 𝚲 from charm baryons can get a large polarization.

➢ Many measurements on the way for 𝑯𝒄 → 𝚲𝐗:

✓ Ξ𝑐
0 → Λ𝐾−𝜋+

✓ Λ𝑐
+ → Λ𝜋−𝜋+𝜋+

✓ Ξ𝑐
0 → Ξ− → Λ𝜋− 𝜋+

⟹ CP Violation through 𝚲 polarization,

decay parameters,

…

• ‘short-lived’
• Many possible intermediate states

• ‘long-lived’
• Higher purity



Backup
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