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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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https://indico.ihep.ac.cn/event/9834/session/9/contribution/16/material/slides/0.pdf
https://arxiv.org/abs/1808.08917
https://arxiv.org/pdf/hep-ph/0211165.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/42/1/013101/pdf


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


gav(0) and φav parameters

〈Bf |γµ(F V1 (0) + FA1 (0)γ5) +
F V2 (0)

M1
σµνq

ν |Bi〉,

gav(0) = |gav(0)|eiφav =

∣∣∣∣FA1 (0)

F V1 (0)

∣∣∣∣ eiφav
φav = (0 + nπ) [PR106(1957)517]

=⇒ If time-reversal invariance holds
Experiments on leptonic baryon decays other than nβ decay assume
φav = 0 or π =⇒ measurement of magnitude and sign of gav
Experiments on n→ pe−ν̄e are sensitive to measure φav more precisely

φav = 180.017± 0.026◦ [PDG2020]

=⇒ consistent with time-reversal invariance, then gav(0) < 0
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https://journals.aps.org/pr/pdf/10.1103/PhysRev.106.517
https://pdglive.lbl.gov/DataBlock.action?node=S017F&home=sumtabB


CP symmetry test Aw
Λ

AwΛ =
gΛ
w(0) + gΛ̄

w(0)

gΛ
w(0)− gΛ̄

w(0)

gw(0) =
FV2 (0)

FV1 (0)

• Assumption of FV2 (0) value from CVC hypothesis and SU(3) [PRL10(1963)531]

(Λ→ p)-transition: gw(0) = MΛ

Mp

µp
2

Differences between particle and anti-particle [PDG2020]:

MΛ −MΛ̄

MΛ
= (−0.1± 1.1) · 10−5;

Mp −Mp̄

Mp
< 7 · 10−10;

µp + µp̄

µp
= (2± 4) · 10−9

MΛ

Mp
= MΛ̄

Mp̄
=⇒ AwΛ ≈

µp+µp̄
µp−µp̄

Sign of gw is predicted by µp value

Experiment Nevt Result Reference

E555 (Fermilab) 37286 gw(0) = 0.15± 0.30
[PRD41(1990)780]for gav(0) = 0.731± 0.016

SPS (CERN) 7111 gw(0) = 1.32± 0.81 [ZPC21(1983)1]

AGS (BNL) 104 used gw(0) = 0.97 [PLB98(1981)123]
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.10.531
https://pdglive.lbl.gov/Viewer.action
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


CP symmetry test Aw
Λ

AwΛ =
gΛ
w(0) + gΛ̄

w(0)

gΛ
w(0)− gΛ̄

w(0)

gw(0) =
FV2 (0)

FV1 (0)

• Assumption of FV2 (0) value from CVC hypothesis and SU(3) [PRL10(1963)531]

(Λ→ p)-transition: gw(0) = MΛ

Mp

µp
2

Differences between particle and anti-particle [PDG2020]:

MΛ −MΛ̄

MΛ
= (−0.1± 1.1) · 10−5;

Mp −Mp̄

Mp
< 7 · 10−10;

µp + µp̄

µp
= (2± 4) · 10−9

MΛ

Mp
= MΛ̄

Mp̄
=⇒ AwΛ ≈

µp+µp̄
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Sign of gw is predicted by µp value

Experiment Nevt Result Reference
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.10.531
https://pdglive.lbl.gov/Viewer.action
https://pdglive.lbl.gov/DataBlock.action?node=S018AV&home=BXXX020
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Corrections in the SLH helicity formalism
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Decay chain: 1
2 →

1
2 + {0,±1} (1)

Relation between helicity amplitudes and decay parameters

Corrected relation:
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Decay chain: 1
2 →

1
2 + {0,±1} (2)

Non-zero elements of the decay matrix bµν :

Corrected elements:

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

2)

Each element of bµν is multiplied by q2p where p =
√
M+(q2)M−(q2)/(2M1)
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Intermediate step (1)
αslΛ (θl, q

2, gΛ
av , g

Λ
w)⇒ {α, α′, α′′, β1,2, γ1,2}(q2): gΛ

av , gΛ
w

Introduce the intermediate parameters:

α2 + (α′)2 − (α′′)2 + 2(γ2
1 + γ2

2 + β2
1 + β2

2) = 1

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:
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Intermediate step (3)

Non-zero elements of the decay matrix bµν :

αslΛ (θl, q
2) = α+ α′′ cos2 θl − (1 + α′) cos θl
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Joint angular distribution

Process e+e− → (Λ→ pe−ν̄e)(Λ̄→ p̄π+)

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=105 and Nphsp

evt =106

• Generate q2 ∈ (m2
e, (MΛ −Mp)2)

• Set of input values:

• No negative weights are observed
• Maximal weight: ∼0.26 (old) and ∼0.34 (new)
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Random samples (Nsig = 105, old) (step 1)
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Random samples (Nsig = 105, new) (step 1)
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Random samples (Nphsp = 106, old) (step 1)
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Random samples (Nphsp = 106, new) (step 1)
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Run through fit method (step 2)
Set input values in the fit

Output value of fit method

∗ Significant correlation between ∆Φ and αΛ̄ for "old" formalism
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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
♠ MC samples are produced ⇒ verification is ongoing

2 Modification of mDIY to include the semileptonic decay formalism
♠ Done for Λ and Λ̄ decays

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

av and gΛ
w decay parameters

♠ Production process is running
4 If all steps work, consider more difficult scenario, mixed MC samples
5 If previous step works, move to the real data

Additional steps:
• Estimate sensitivity to gav and gw decay parameters
• Detailed study of possible CP tests
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Backups
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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±(q2) = (M1 ±M2)2 − q2; HV,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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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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√
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√
q2H
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√
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Dashed lines:

FV2 (q2) and FA3 (q2)

are switched off

If q2 = m2
e ⇒ HV

1
2

0
and HA

1
2

0
are dominated

If q2 = (MΛ −Mp)2 ⇒ 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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Two boundary cases: q2
min and q2

max
q2
min = m2

e −→ 0:

q2
max = (M1 −M2)2:
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