
Helicity analysis of semileptonic Λ decays

Varvara Batozskaya1,2, Andrzej Kupść1,3, Tao Luo4 and Shun Wang4

1National Centre for Nuclear Research, Warsaw, Poland
2Institute of High Energy Physics, Beijing, China

3Uppsala University, Uppsala, Sweden
4Fudan University, Shanghai, China

Semileptonic meeting
10 November 2020

Varvara Batozskaya Helicity analysis of Λ→ pe−ν̄e 10 November 2020 1 / 21



Introduction

Helicity method allows:
• Compact calculations of the angular decay distributions
• Analyze the semileptonic decays of polarized hyperon
• Take into account the lepton mass effects
⇒ vector and axial-vector currents

Aim: a general modular method for the semileptonic hyperon decays
Analysis is based on:
• Helicity analysis for Ξ0 → Σ+(→ pπ0)l−ν̄l (l = e−, µ−) [EPJ C59 (2009) 27]

• Polarization observables in e+e− annihilation to a BB̄ pair [PRD 99 (2019) 056008]
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Production process of two spin-1
2 baryons

General framework of the e+e− → J/ψ → ΛΛ̄ is described in [PRD99 (2019) 056008]

Production process doesn’t depend on the final states. It is the same for:
• e+e− → J/ψ → ΛΛ̄ with Λ→ pπ− and Λ̄→ p̄π+

• e+e− → J/ψ → ΛΛ̄ with Λ→ pe−ν̄e and Λ̄→ p̄π+

Figure adapted from Patrik’s slides

Spin density matrix of the production process:

Main parameters: θ1 ≡ θΛ, αψ , ∆Φ
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Decay chain: 1
2 →

1
2 + 0 (1)

Full determination in [PRD99 (2019) 056008]

Decay matrix or transition matrix aµν

J = 1
2
hyperon (Λ̄) decays into a J = 1

2
baryon (p̄) and a J = 0 pseudoscalar (π+)

Two helicity amplitudes: {B 1
2
, B− 1

2
}

κ, κ′ - index of mother hyperon (Λ̄); λ, λ′ - index of daughter baryon (p̄)
Ω = {ϕ, θ, 0}
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Decay chain: 1
2 →

1
2 + 0 (2) [PRD99 (2019) 056008]

Relation between helicity amplitudes and decay parameters

Non-zero elements of the decay matrix aµν :

Main parameters: θ ≡ θp̄, ϕ ≡ ϕp̄, αD ≡ αΛ̄, ϕD ≡ ϕΛ̄
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Decay chain: 1
2 →

1
2 + {0,±1} (1)

Λ→ pe−ν̄e =⇒ Λ→ pW− with W− → e−ν̄e

Decay matrix or transition matrix bµν

J = 1
2
hyperon (Λ) decays into a J = 1

2
baryon (p) and a J = {0,±1} W−-boson

Four helicity amplitudes: {H 1
2

0, H− 1
2

0, H 1
2

1, H− 1
2
−1}

κ, κ′ - index of mother hyperon (Λ); λ2 - index of daughter baryon (p)
λW , λ′W - index of W−-boson; λl, λν - index of lepton and neutrino
Ω = {ϕ, θ, 0}, Ω′ = {χ, θl, 0}
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Decay chain: 1
2 →

1
2 + {0,±1} (2)

Relation between helicity amplitudes and decay parameters

Non-zero elements of the decay matrix bµν :

Main parameters: θ ≡ θp, φ ≡ φp, αslD = αslD(χ, θl, q
2), φslD = φslD(χ, θl, q

2)

Each element of bµν is multiplied by q2p where p =
√
M+(q2)M−(q2)/(2M1)
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Semileptonic Λ decay

Momenta and masses: Λ(p1,M1)→ p(p2,M2) + e−(pe,me) + ν̄e(pν̄e , 0)

Standard set of invariant FF for weak current-induced baryonic 1
2

+ → 1
2

+ transitions:

where qµ = (p1 − p2)µ

For Λ→ pe−ν̄e at O(
m2
e

2q2
)→ 0 ⇒ FV,A3 → 0

Helicity amplitude is Hλ2λW = (HV
λ2λW

+HA
λ2λW

) with (λ2 = ± 1
2
; λW = 0,±1):

where M± = (M1 ±M2)2 − q2; H
V,A
−λ2,−λW

= ±HV,A
λ2λW
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Form factors

FV,Ai (0) mV,A α
′
[GeV−2] ni

FV1 (q2) −
√

3
2

1
mK∗(892)0

0.9

n1 = 1
(JP = 1−)

FV2 (q2)
MΛµp
2Mp

FV1 (0)2 n2 = 2

FV3 (q2) 04 - n3 = 2

FA1 (q2) 0.719FV1 (0)3 mK∗(1270)0 n1 = 1
(JP = 1+)

FA2 (q2) 04 − n2 = 2

FA3 (q2)
MΛ(MΛ+Mp)

(m
K− )2

FA1 (0)4 mK n3 = 2
(JP = 0−)

1 [PR135(1964)B1483], [PRL13(1964)264]
2 µp = 1.793 [Lect.NotesPhys.222(1985)1], [Ann.Rev.Nucl.Part.Sci.53(2003)39],
[JHEP0807(2008)132]
3 [PRD41(1990)780]
4 Vanish in the SU(3) symmetry limit; Goldberger-Treiman relation [PR110(1958)1178],
[PR111(1958)354]
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Intermediate step (1)

Introduction of intermediate parameters:

Non-zero elements of the decay matrix bµν :
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Intermediate step (2)
Using the definition of helicity amplitudes the main parameters to describe
semileptonic hyperon decays are:

Relations between intermediate and decay parameters:

q2 ∈ (m2
e, (M1 −M2)2)
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Two boundary cases: q2
min and q2

max
q2
min = m2

e −→ 0:

q2
max = (M1 −M2)2:
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Joint angular distribution

Process e+e− → ΛΛ̄→ pe−ν̄ep̄π+

Range of q2 ∈ (m2
l , (M1 −M2)2) is specific for each decay
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MC generator (step 1)

Using YYbar_example package by Patrik, the presented process can be generated

• MC samples: Nsig
evt=104 and Nphsp

evt =105

• Generate q2 ∈ (m2
e, (MΛ −Mp)2)

• Two sets of input values:

• No negative weights are observed
• Maximal weight: ∼0.26 for g and ∼0.27 for FF
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Random samples (g, Nsig = 104) (step 1)
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Random samples (ff, Nsig = 104) (step 1)
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Random samples (g, Nphsp = 105) (step 1)
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Random samples (ff, Nphsp = 105) (step 1)
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Run through fit method (step 2)
Set input values in the fit

Output value of fit method

• 1 Strong correlation between ∆Φ and αΛ̄

• 2,3 Value with large uncertainty: gw and FV2 (0)
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Tests: Fit results (step 2)
Increase statistics:

Fix some parameters to input value:
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Next steps

Verify the correctness of the modular method for the semileptonic
hyperon decays
Test the formalism using
• MC samples
• BESIII data sample prepared by Tao and Shun

Expand the modular method to the semileptonic cascade decays, as an
example:
• Ξ→ Λ(→ p+ π) + l + νl
• Ξ→ Σ(→ p+ π) + l + νl
• ...
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Backups
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Output of fit method (step 2)
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Helicity amplitudes of the lepton pair hlλlλν
Lepton and antineutrino spinors

SM form of the lepton current (λW = λl− − λν̄)

Moduli squared of the helicity amplitudes [EPJ C59 (2009) 27]

Upper and lower signs refer to the configurations (l−, ν̄l) (λν = 1/2) and (l+, νl)
(λν = −1/2), respectively

In case of the e-mode only nonflip transition remains under assumption m2
e

2q2
→ 0
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Size estimations of helicity amplitudes
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Using data of the E-555 experiment (Fermilab) [PRD41 (1990) 780]

⇒
FA1 (0)

FV1 (0)
(Λ→ pe−ν̄e) = 0.731± 0.016 and

FV2 (0)

FV1 (0)
(Λ→ pe−ν̄e) = 0.15± 0.30

⇒
FA1 (0)

FV1 (0)
(Λ→ pe−ν̄e) = 0.719± 0.016 with constraint

FV2 (0)

FV1 (0)
(Λ→ pe−ν̄e)→ 0.97 (CVC)
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