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Introduction
Ø CP violation(CPV) has been observed in K, B, D meson systems and Λ!" baryon system. 

However, further searches for CPV in other baryon decays remain crucial for discovering 

additional sources of CPV beyond the Standard Model.

Ø Measurement of asymmetry parameters of hyperon weak decay can be used to test the CP 

violation

Ø The multi-step decay chain "⁺"⁻ → &/( → Ξ#*Ξ⁺ offers us much more experimental 

information than Λ decay. And this decay features a multi-particle final state, making it 

useful for evaluating OSCAR's performance.

(%!~10"#)
Phys.Rev.D 67 (2003) 056001
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Formalism & MC production
Ø Angular distribution:
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• Parameters: ()$/&, ΔΦ, )!, -)!, .!, -.!, )', -)')

• Helicity angles: (/!, /', .', /(', .(', /), .), /)̅, .)̅)

Ø Signal MC production 
• OSCAR version: 2.6.2 updated (git download 

date:2025/06/25) 

• Signal channel: 0/2 → Ξ"-Ξ+ → Λ6"7Λ6+ → 86"6"8̅6+6+

• 0.2 million DIYMC with the input parameters from BESIII 

publication Nature 606, 64–69 (2022)

Phys. Rev. D 99, 056008 (2019) 
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Event selection
Ø Charged tracks

• :;</ < 0.93
• No requirement for vertex
• A,-. ≥ 3 & A/01 ≥ 3

Ø Proton and pion selection:
• For A,-.:

• p: 8 > 0.3 GeV/c
• 6+: 8 < 0.3 GeV/c

• For A/01:
• 8̅: 8 > 0.3 GeV/c
• 6": 8 < 0.3 GeV/c

Ø Λ、Ξ" reconstruction 
• Loop p and 6" candidates
• Λ : vertex fit
• Ξ": vertex fit and second vertex fit
• The best Λ	and	Ξ" candidates from combination 

with minimum

G)2! −I'
3 + G)2!2! −I!

3

Ø 7Λ、-Ξ+ reconstruction 
• Loop 8̅ and 6+ candidates
• 7Λ : vertex fit
• -Ξ+: vertex fit and second vertex fit
• The best 7Λ	and	-Ξ+ candidates from combination with 

minimum G)̅2" −I'
3 + G)̅2"2" −I!
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Ø 4C kinematic fit
• Do kinematic fit on Ξ" -Ξ+ 

The selection criteria are the same as BESIII
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Check resolution of decay length 
BESIII & STCF comparisons
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BESIII & STCF comparisons
Check Helicity angles in truth level:
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BESIII & STCF comparisons
Check Helicity angles in reconstruction level:
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BESIII
Signal MC Events Eff. (%) Re. Eff.(%)

9,000,000 100.0
Charged tracks 3057857 34.0

Λ、Ξ" Rec. 2545353 28.3 83.2

#Λ、$Ξ# Rec. 2092432 23.2 82.2

4C fit 1724213 19.2 82.4

%$%&  cut 1526267 17.0 88.5

&'!/)'" cuts 1359450 15.1 89.1

''!/)'" cuts 1281108 14.2 94.2

'*/)* cuts 1126527 12.5 87.9

OSCAR 
Signal MC Events Eff. (%) Re. Eff.(%)

200,000 100.0

Charged tracks 106291 53.1

Λ、Ξ" Rec. 85268 42.6 80.2

#Λ、$Ξ# Rec. 68674 34.3 80.5

4C fit 44665 22.3 65.0

%$%&  cut 40014 20.0 89.6

&'!/)'" cuts 36764 18.4 91.9

''!/)'" cuts 35385 17.7 96.3

'*/)* cuts 31196 15.6 88.2

Ø With reference to BESIII, we have added further selection criteria.
• 0+,* < 200
• 4(+/#(, > 0 cm
• 1.306	GeV/+* < .(+/#(, < 1.338	GeV/+*
• 1.111	GeV/+* < .)/#) < 1.121	GeV/+*

BESIII & STCF comparisons

No background mix in OSCAR
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Extract parameters
Ø The parameters are extracted using the maximum likelihood fitting method. 

Ø The contribution of the background is not taken into account.

Ø 1M mDIY MC and 10M PHSP MC are generated.

sim rec ana sum Final 
events

mDIY 256G 252G 2G 510G 155596
PHSP 2.0T 2.6T 20G 4.62T 1615231
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This work Nature Physics 2022
(BESIII 09+12 data)

B.// 0.5832 ± 0.0081 0.586 ± 0.012
DE 1.2690 ± 0.0313 1.213 ± 0.046
B0 -0.3769 ± 0.0048 -0.376 ± 0.007
FB0 0.3741 ± 0.0048 0.371 ± 0.007
B1 0.7555 ± 0.0074 0.757 ± 0.011
FB1 -0.7552 ± 0.0074 -0.763 ±  0.011
G2 -0.0006 ± 0.0135 0.011 ± 0.019
FG2 -0.0087 ± 0.0135 -0.021 ± 0.019

H342 =(I5+ JI5)/(I5 − JI5) 0.0038 ± 0.0092 0.006 ± 0.013

H346 =(I7+ JI7)/(I7 − JI7) 0.0002 ± 0.0082 -0.004 ± 0.012

DG342 =(L5+ JL5)/2 -0.0046 ± 0.0098 -0.005 ± 0.014

Extract parameters

The results are consistent with the BESIII published results within 2+. 14



Ø Based on 1 million statistics to estimate the statistical errors of the parameters.
• STCF expected M/N events: 3.4×108*
• Branch ratio of M/N → Ξ9JΞ:: 9.7×109+
• Branch ratio of Ξ9(JΞ:) → ΛX9(FΛX:): 0.999
• Branch ratio of Λ(FΛ) → YX9(Y̅X:): 0.639

• The expected events of M/N → Ξ9JΞ: → ΛX9FΛX: → YX9X9Y̅X:X: is about 1.34393×10;. 

• The scale factor can be defined: 1.0×10</1.34939×10; ≈0.0272

Estimate statistical uncertainty

1M signal Estimate statistical uncertainty 1M signal Estimate statistical uncertainty
L5/6 0.5832 ± 0.0081 2.20 × 10⁻⁴ R789 0.0038 ± 0.0092 2.5×10":
TU 1.2690 ± 0.0313 8.51 × 10⁻⁴ R78; 0.0002 ± 0.0082 2.2×10":
L< -0.3769 ± 0.0048 1.31 × 10⁻⁴ TW78

9 -0.0046 ± 0.0098 2.7×10":
7L< 0.3741 ± 0.0048 1.31 × 10⁻⁴
L= 0.7555 ± 0.0074 2.01 × 10⁻⁴
7L= -0.7552 ± 0.0074 2.01 × 10⁻⁴
Y9 -0.0006 ± 0.0135 3.67 × 10⁻⁴
7Y9 -0.0087 ± 0.0135 3.67 × 10⁻⁴ 15



Summary
Ø The process !\!] → #/% → Ξ] 'Ξ\ has been generated using the 

OSCAR software. And the signal events have been preliminarily 

selected.

Ø Based on the expectation that the STCF will collect 3.4×10¹²
#/% events per year, the precision of CP violation in Ξ and Λ decays is 

expected to be at the level of 10⁻⁴.
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Backup

17



Ø NN_data: 15000
NN_PHSP: 150000

This work
L5/6 0.5729 ± 0.0259
TU 1.3254 ± 0.1083
L< -0.3713 ± 0.0156
7L< 0.3979 ± 0.0156
L= 0.7424 ± 0.0236
7L= -0.7569 ± 0.0234
Y9 0.0413 ± 0.0451
7Y9 -0.0660 ± 0.0452
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Ø Generated 100w mDIY MC and 1000w PHSP MC.
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