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Motivation

Hara theorem
In hyperon weak radiative decay(HWRD):
BPV should vanish under SU(3) limit → αγ = 0
Take the weak breaking of SU(3) symmetry into
consideration αγ ∼ ±0.2

αγ =
2Re(APC ∗BPV )

|APC |2 + |BPV |2

αγ : decay asymmetry

APC : parity conserving amplitude

BPV : parity violating amplitude
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Motivation

Measurements of decay asymmetry for Ξ0 → Σγ

Experiments BR/10−3 α Events

1989 SPEC 3.56± 0.42± 0.10 +0.20± 0.32± 0.05 85

2000 NA48 3.16± 0.76± 0.32 – 17

2001 KTEV 3.34± 0.05± 0.09 −0.63± 0.08± 0.05 4045

2010 NA48 – −0.729± 0.030± 0.076 15k
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Analysis Strategy

J/ψ → Ξ0Ξ̄0, Ξ̄0 → Σ̄0γ, Ξ0 → Λπ0, Σ̄0 → Λ̄γ

Full Reconstruction

Charged Tracks

cos θ < 0.93
N ≥ 4
PID

p: Pp > 0.3GeV && Prob(p)>Prob(K),
Prob(p)>Prob(π)
π: Pπ < 0.3GeV

Np, Nπ− , Np̄, Nπ+ ≥ 1
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Λ&Λ̄: Primary vertex fit, loop pπ−(p̄π+) pairs
to find the best(no χ2 requirement)

Neutral Tracks

Angle between n.t. and c.t. (p̄) larger than
10◦ (20◦)
25MeV@| cos θ| < 0.8 && 50MeV@0.86 <
| cos θ| < 0.92&& 0 ≤ TDC ≤ 14
Nγ ≥ 4
1C get a set of π0 (χ2

π0 < 20)

Kinematics Fit(7C)

Constrain mΞ̄, mΞ

Loop π0 and γγ pairs to optimize

Main BKG KF(8C) && ΛΛ̄ 2nd VF
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Feasibility analysis – Generator

Decay amplitude

W =

3

µ, ν=0

Cµν

3

µ′, ν′, ρ=0

aΞ
µµ′aΞ̄

νν′aΛ
µ′0a

Σ̄
ν′ρa

Λ̄
ρ0 (1)

For 1 → 1
2 + 1

2 decay (J/ψ → Ξ0Ξ̄0)

Cµν =





1 + αψ cos2 θ 0 βψ sin θ cos θ 0
0 sin2 θ 0 γψ sin θ cos θ

−βψ sin θ cos θ 0 αψ sin2 θ 0
0 −γψ sin θ cos θ 0 −(αψ + cos2 θ)



 (2)

For 1
2 → 1

2 + 0 decay (Ξ0 → Λπ0, Λ → pπ)

aµµ′ =





1 0 0 α
α cosφ sin θ γ cosφ cos θ − β sinφ −β cosφ cos θ − γ sinφ cosφ sin θ
α sinφ sin θ β cosφ + γ cos θ sinφ γ cosφ − β cos θ sinφ sinφ sin θ

α cos θ −γ sin θ β sin θ cos θ





(3)

For 1
2 → 1

2 + 1 decay (Ξ̄0 → Σ̄γ, Σ̄ → Λ̄γ)

aνν′ =





1 0 0 −α
α cosφ sin θ 0 0− cosφ sin θ
α sin θ sinφ 0 0− sin θ sinφ

α cos θ 0 0 − cos θ



 (4)

Jiajun Tang (USTC) HWRD April 3, 2023 5 / 23



Feasibility analysis – Further Selection

600,000 Signal MC

21,000,000 Main Background MC
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Feasibility analysis – Event Level BDT

J/ψ → Ξ0Ξ̄0, Ξ̄0 → Σ̄0γ(γ2), Ξ0 → Λπ0, Σ̄0 → Λ̄γ(γ1)

Input Sample: Signal(11918) & Main BKG(6909) MC after further selection

Input Variables:

γ1, γ2′s E, showershape, cos θ & Λ̄′s p, cos θ(cms)
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Feasibility analysis – Event Level BDT

Cut value applied on BDT output
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For 1000 signal and 1000 background
 isS+Bevents the maximum S/

25.71 when cutting at -0.00
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Feasibility analysis – Event Level BDT
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Feasibility analysis – Cutflow

Criteria Signal MC Main Bkg MC

Events Relative Effi Effi Events Relative Effi Effi

NTotal 600000 - - 21000000 - -

Good Charged Track 318822 53.14% 53.14% 11050400 52.62% 52.62%

PID for pπ− 243234 76.29% 40.54% 8403188 76.04% 40.02%

Vertex Fit forΛ 220109 90.49% 36.68% 7618629 90.67% 36.28%

γ 170321 77.38% 28.39% 5802051 76.16% 27.63%

KF 40996 24.07% 6.83% 1414786 24.38% 6.74%

Mγγ 30895 75.36% 5.15% 172618 12.20% 0.82%

χ2
7C 12003 38.85% 2.00% 7696 4.46% 0.037%

Event-Level BDT 10318 85.96% 1.72% 1697 22.05% 0.008%

Relative Effiency 215 times
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Bkg analysis – Topology

12, 18 inclusive

J/ψ → Ξ0Ξ̄0,Ξ0 → π0Λ, Ξ̄0 → π0Λ̄,Λ →
π−p, Λ̄ → π+p̄(879)

J/ψ → Σ∗0Σ̄∗0,Σ∗0 → π0Λ, Σ̄∗0 → π0Λ̄,Λ →
π−p, Λ̄ → π+p̄(55)

J/ψ → π0Σ0Σ̄0,Σ0 → Λγ, Σ̄0 → Λ̄γ,Λ →
π−p, Λ̄ → π+p̄(49)

Jiajun Tang (USTC) HWRD April 3, 2023 11 / 23



Bkg analysis – Supress 2nd bkg

Keep χ2 > 30&&χ2 = 0

For remaining part

Keep L/σL > 3, L/σL < −6

Result

Efficiency: 75.94% : 76.98%
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Backup
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Cutflow of previous version of ana program

Criteria Signal MC Main Bkg MC

Events Relative Effi Effi Events Relative Effi Effi

NTotal 600000 - - 3000000 - -

Good Charged Track 318822 53.14% 53.14% 1713931 57.13% 57.13%

PID for pπ− 243234 76.29% 40.54% 1326980 77.42% 44.23%

Vertex Fit forΛ 146471 60.22% 24.41% 794247 59.85% 26.47%

γ 42483 29.00% 7.08% 201602 25.38% 6.72%

KF 10067 23.70% 1.68% 47477 23.55% 1.58%

Mγγ 7647 75.96% 1.27% 4202 8.85% 0.14%

χ2
7C 3354 43.86% 0.56% 150 3.57% 0.005%

Event-Level BDT 3167 94.42% 0.53% 47 33.10% 0.0015%

Relative Effiency 337 times
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Cutflow of latest version of ana program

Criteria Signal MC Main Bkg MC

Events Relative Effi Effi Events Relative Effi Effi

NTotal 600000 - - 21000000 - -

Good Charged Track 318822 53.14% 53.14% 11050400 52.62% 52.62%

PID for pπ− 243234 76.29% 40.54% 8403188 76.04% 40.02%

Vertex Fit forΛ 220109 90.49% 36.68% 7618629 90.67% 36.28%

γ 170321 77.38% 28.39% 5802051 76.16% 27.63%

KF 40996 24.07% 6.83% 1414786 24.38% 6.74%

Mγγ 30895 75.36% 5.15% 172618 12.20% 0.82%

χ2
7C 12003 38.85% 2.00% 7696 4.46% 0.037%

Event-Level BDT 10318 85.96% 1.72% 1697 22.05% 0.008%

Relative Effiency 215 times
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Backup – Track Level BDT
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Backup – Track Level BDT
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Backup – Track Level BDT

BDT response
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Backup – Event Level BDT
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Backup – Event Level BDT
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Backup – Event Level BDT
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Backup – Event Level BDT
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Backup – Event Level BDT
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100 -14  -8  -4  -4 -80 -62  -4  -6  -4   4

100  -2  35   2   3  10  -1  -4  36

-14 100  83   1  -1 -35 -32   2   8   7   2  -2

 -8  -2  83 100   1 -30 -23 -31 -27   2   5   5   2  -3

 35   1   1 100   1   1   2  -4  87 -10
 -4   2 -30   1 100  63   3   1   2   1

 -4   3  -1 -23  63 100   3   2  -1   3

-80 -35 -31   3   3 100  82   4  -3  -5  -4

-62 -32 -27   1   1   2  82 100   2 -36 -36   1  -3

 -4  10   2   2   2   4   2 100   2  -8 -77

 -6   8   5  -4   2  -3 -36   2 100  58  -4  -1

 -4  -1   7   5  -5 -36  58 100
 -4   2   2  87  -1   1  -8  -4 100 -20

  4  36  -2  -3 -10   1   3  -4  -3 -77  -1 -20 100
Linear correlation coefficients in %
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