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Sensitivity for extracted parameters
Study the importance of the individual parameters in joint angular distribution and
its correlations using likelihood function [PRDD100(2019)11]

Reduced asymptotic expression of inverse covariant matrix element:

Sensitivity = σ ×
√
N

To eliminate complicated calculation of derivatives the numerical differentiation is
used [Numerical Analysis]:
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https://arxiv.org/abs/1908.03102
https://fac.ksu.edu.sa/sites/default/files/numerical_analysis_9th.pdf


Definitions and input values

Input values of decay parameters [NaturePhys.15(2019)631] and slide 19

Decay parameters with the same value and opposite sign are used for Λ̄ decays
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Sensitivity (σ ×
√
N) for Λ→ peνe decay

Sensitivity for ΛΛ̄→ (pπ−)(p̄π+) is in an agreement with [PRD100(2019)114005]

Correlations between parameters

∗ ΛΛ̄→ (pe−ν̄e)(p̄e+νe) (above the diagonal) and ΛΛ̄→ (pe−ν̄e)(p̄π+) (below the diagonal)
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Sensitivity (σ ×
√
N) for Λ→ pµνµ decay (1)

Sensitivity for Λ→ peνe and Λ→ pµνµ is the same for gΛ
w = q2 = 0

Correlations between parameters

∗ ΛΛ̄→ (pµ−ν̄µ)(p̄µ+νµ) (above the diagonal) and ΛΛ̄→ (pµ−ν̄µ)(p̄π+) (below the diagonal)
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Sensitivity (σ ×
√
N) for Λ→ pµνµ decay (2)

Additional factor p =
√
Q+Q−/(2M1)→ p

(q2−m2
µ)2

q2

where Q± = (M1 ±M2)2 − q2
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Sensitivity (σ ×
√
N) for Λ→ pµνµ decay (3)

Correlations are the same for gΛ
w = 0 and both factors

Correlations between parameters for gΛ
w 6= 0 and full q2 range

∗ ΛΛ̄→ (pµ−ν̄µ)(p̄µ+νµ) (above the diagonal) and ΛΛ̄→ (pµ−ν̄µ)(p̄π+) (below the diagonal)
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MC generator

Use YYbar_example package by P.Adlarson to generate:
• e+e− → (Λ→ pe−ν̄e)(Λ̄→ p̄π+) process
• e+e− → (Λ→ pµ−ν̄µ)(Λ̄→ p̄π+) process:
◦ factor: p

◦ factor: p
(q2−m2

µ)2

q2

• MC samples: Nsig
evt=105 and Nphsp

evt =106

• Generate q2 ∈ (m2
l , (MΛ −Mp)2)

• Set of input values:

• No negative weights are observed
• Maximal weight ∼0.36 for e-mode, ∼0.3 and ∼0.056 for µ-mode for two factors,

respectively
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MLL fit results

Output value of fit method

Similar result for both modes and both factors
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ToDo list and next steps

Test formalism using
1 Production of mDIY and MC PhSp for e+e− → (Λ→ pπ−)(Λ̄→ p̄π+)
◦ true and reco mDIY and MC PhSp
◦ allow to extract true and reco values of αΛ and αΛ̄ decay parameters
♠ αtrue

Λ and αtrue
Λ̄

are extracted and verified
2 Modification of mDIY to include the semileptonic decay formalism
♠ Done

3 Production of true and reco mDIY and MC PhSp for Λ→ pe−ν̄e
◦ extraction of the gΛ

av and gΛ
w decay parameters

♣ In progress
4 If all steps work, consider more difficult scenario, mixed MC samples
5 If previous step works, move to the real data

Additional steps:
• Sensitivity for gΛ

i and AΛ
i (i = av,w):

♠ Preliminary result for Λ→ plνl with l = e, µ
◦ gΛ

w = q2 = 0 - the same result for both decays
◦ gΛ

w = 0 and full q2 range - similar result for both decays
◦ gΛ

w 6= 0 - better sensitivity for e-mode
• Formalism with flip transition (m2

l /(2q
2) 6= 0):

♣ In progress
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Backups
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Random sample (e-mode, Nsig = 105) (step 1)
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Random sample (e-mode, Nphsp = 106) (step 1)
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Random sample (µ-mode, p, Nsig = 105) (step 1)
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Random sample (µ-mode, p, Nphsp = 106) (step 1)
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Random sample (µ-mode, p (q2−m2
µ)2

q2 , Nsig = 105) (step 1)
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Random sample (µ-mode, p (q2−m2
µ)2

q2 , Nphsp = 106) (step 1)
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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
) ∼ 4 · 10−6 ⇒ FV,A3 → 0

Λ→ pe−ν̄e =⇒ Λ→ pW−(→ e−ν̄e)

Helicity amplitude is Hλ2λW = (HV
λ2λW

+HA
λ2λW

) with (λ2 = ± 1
2
; λW = 0,±1):

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

= ±HV,A
λ2λW
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Form factors

FV,Ai (0)(Λ→ p) 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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Decay chain: 1
2 →

1
2 + {0,±1} (1)

Decay matrix or transition matrix bµν for { 1
2
→ 1

2
+ {0,±1}}

=⇒

Four helicity amplitudes: H 1
2

0, H− 1
2

0, H 1
2

1, H− 1
2
−1

κ, κ′;λ2 - index of mother hyperon (Λ) and daughter baryon (p)
λW , λ′W ;λl, λν - index of W−-boson, lepton and neutrino
Kinematic variables: Ω = {φp, θp, 0}, Ω′ = {χ, θl, 0} and q2∈ (m2

e, (MΛ −Mp)2)
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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:
σslD ≡ σ

sl
D(θl, q

2), αslD ≡ α
sl
D(θl, q

2), βslD ≡ β
sl
D(θl, q

2), γslD ≡ γ
sl
D(θl, q

2)

Each element of bµν is multiplied by p =
√
Q+Q−/(2M1)
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Intermediate step (1)
σslΛ , αslΛ , βslΛ and γslΛ ⇒ {n, α, α

′, α′′, β1,2, γ1,2}(q2): gΛ
av(q2), gΛ

w(q2)

Introduce the intermediate parameters:

α2 + (α′)2 − (α′′)2 + 2
∑2
i=1(γ2

i + β2
i ) = n2

Using the definition of helicity amplitudes the main parameters to describe
semileptonic hyperon decays are:

or
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Intermediate step (2)
Relations between intermediate and decay parameters:

{α, α′, α′′, γ1,2}(q2)/n(q2) ∈ [−1,+1]
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Intermediate step (3)

Non-zero elements of the decay matrix bµν :

Varvara Batozskaya Sensitivity for SLW decays 13 May 2021 24 / 10



Helicity amplitudes of the lepton pair hlλlλν
Lepton and anti-neutrino 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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Semileptonic Λ decay[flip]

For Λ→ pe−ν̄e at O(
m2
e

2q2
) ∼ 4 · 10−6 ⇒ FV,A3 → 0

For Λ→ pµ−ν̄µ at O(
m2
µ

2q2
) ∼ 0.18⇒ FV,A3 6= 0

Helicity amplitude is Hλ2λW = (HV
λ2λW

+HA
λ2λW

) with (λ2 = ± 1
2
; λW = t, 0,±1):

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

= ±HV,A
λ2λW

SU(3) symmetry limit =⇒ FV3 = 0
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Decay chain: 1
2 →

1
2 + {t, 0,±1} [flip]

Six helicity amplitudes: H 1
2

0, H− 1
2

0, H 1
2

1, H− 1
2
−1, H 1

2
t, H− 1

2
t

Relation between helicity amplitudes and decay parameters

Non-zero elements of the decay matrix b′µν :

Each element of b′µν is multiplied by p =
√
Q+Q−/(2M1) and m2

l
2q2
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Intermediate step[flip] (1)

σ
′sl
Λ and α

′sl
Λ ⇒ {n, α, α′, α′′, β1,2, γ1,2}(q2) + {ε, ε′, β3,4, γ3,4}(q2): gΛ

av(q2), gΛ
av3(q2)

Additional intermediate parameters:

(n+ α′)(n− α′ + ε)− (α+ α′′)(α− α′′ + ε′)− 2
∑4
i=1(γ2

i + β2
i ) = 0

If no flip transition =⇒ relation on slide 22
Introduce additional main parameter of semileptonic hyperon decay:

or
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Intermediate step[nonflip+flip] (2)
Relations between intermediate and decay parameters:

{α, α′, α′′, γ1,2}(q2) + {ε, ε′, γ3,4}(q2)/n(q2) ∈ [−1,+1]
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Joint angular distribution
Full decay matrix of semileptonic hyperon decay:

bfµν =

3∑
µ,ν=0

(
bµν +

m2
l

2q2
b′µν

)
where bµν and b′µν are nonflip (slide 24) and flip (slide 27) transitions

Process e+e− → (Λ→ pe−ν̄e)(Λ̄→ p̄π+)

If flip transition is taking into account, gDav3 6= 0

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

Varvara Batozskaya Sensitivity for SLW decays 13 May 2021 30 / 10



Size estimations of helicity amplitudes
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If q2 = m2
e ⇒ HV

1
2

0
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1
2
t
and HA

1
2

0
∼ HA

1
2
t
are dominated

If q2 = (MΛ −Mp)2 ⇒ HV
1
2
t
and HA

1
2

1
= −
√

2HA
1
2

0
are dominated

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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CP violation in non-leptonic decays [Andrzej’s slides]

AΛ =
αΛ + αΛ̄

αΛ − αΛ̄

BESIII result: AΛ = −0.006± 0.012± 0.007 [NaturePhys.15(2019)631]

CKM: −3 · 10−5 ≤ AΛ ≤ 4 · 10−5 [PRD67(2003)056001]

Extensions of SM: AΛ→pπ− ∼ (0.05− 1.2) · 10−4 [Chin.Phys.C42(2018)013101]

Experiment Nevt σ(AΛ)
BESIII (2018) 4.2 · 105 1.2 · 10−2 NJ/ψ = 1.31 · 109

Some estimations

BESIII 3 · 106 5 · 10−3 NJ/ψ = 1010

L = 0.47 · 1033/cm2/s, ∆E=0.9 MeV

SuperTauCharm 6 · 108 3 · 10−4 NJ/ψ = 2 · 1012

L = 1035/cm2/s, ∆E=0.9 MeV
SuperTauCharm

3 · 109 1.4 · 10−4 NJ/ψ = 1013

+ reduced ∆E L = 1035/cm2/s, ∆E<0.9 MeV (?)
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CP symmetry test Aav
Λ

AavΛ =
gΛ
av(0) + gΛ̄

av(0)

gΛ
av(0)− gΛ̄

av(0)

gav(0) =
FA1 (0)

FV1 (0)

• Determination of FV1 (0) value by CVC hypothesis: FV1 (0) < 0
• No determination of FA1 (0) value by any general theoretical arguments

Some assumptions:
• FA1 (0) ≶ 0 then gav(0) ≷ 0

• ? Naïve assumption gΛ
av = −gΛ̄

av

=⇒ Need to be care with sign of gav

Experiment Nevt Result Reference

E555 (Fermilab) 37286 gav(0) = 0.719± 0.016± 0.012
[PRD41(1990)780]constrain on gw(0) = 0.97

SPS (CERN) 7111 gav(0) = 0.70± 0.03
[ZPC21(1983)1]measured FV2 (0) = 1.32± 0.81

AGS (BNL) 104 |gav(0)| = 0.734± 0.031
[PLB98(1981)123]used gw(0) = 0.97
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https://pdglive.lbl.gov/DataBlock.action?node=S018AV&home=BXXX020
https://lib-extopc.kek.jp/preprints/PDF/1983/8308/8308007.pdf
https://lib-extopc.kek.jp/preprints/PDF/1980/8011/8011271.pdf


Boundary case: q2
min

q2
min = m2

e −→ 0:
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