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Double Tag Method

Double tag method can reduce several terms of 

systematic uncertainty.

• Tag Mode: തΞ+ → ഥΛ 𝜋+, ഥΛ → ҧ𝑝−𝜋+

• Signal Mode: Ξ− → Λ 𝑒− ഥ𝜈𝑒, Λ → 𝑝+𝜋−

Yield of each side:

• 𝑁𝑠𝑡 = 𝑁𝐽/𝜓 ∙ 𝐵𝑟𝐽/𝜓 → ഥΞ+Ξ− ∙ 𝐵𝑟ഥΞ+→ ഥΛ 𝜋+ ∙ 𝐵𝑟ഥΛ →𝑝+𝜋− ∙ 𝜖𝑠𝑡

• 𝑁𝑑𝑡 = 𝑁𝐽/𝜓 ∙ 𝐵𝑟𝐽/𝜓 → ഥΞ+Ξ− ∙ 𝐵𝑟ഥΞ+→ ഥΛ 𝜋+ ∙ 𝐵𝑟ഥΛ →𝑝+𝜋− ∙

𝐵𝑟Ξ−→Λ 𝑒− 𝜈𝑒
∙ 𝐵𝑟Λ→ ҧ𝑝−𝜋+ ∙ 𝜖𝑑𝑡

𝑩𝒓𝜩−→𝜦 𝒆− 𝝂𝒆
=

𝑵𝒅𝒕 ∙ 𝝐𝒔𝒕

𝑵𝒔𝒕 ∙ 𝑩𝒓𝜦→ഥ𝒑−𝝅+ ∙ 𝝐𝒅𝒕
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BOSS version: 7.0.5

SignalMC: 0.5M J/ψ → തΞ+Ξ−, തΞ+ → ഥΛ π+, Ξ− → Λ e− ҧ𝜈e, ഥΛ → തp−π+, Λ → p+π− PHSP

BackgroundMC: 14M          J/ψ → തΞ+Ξ−, തΞ+ → ഥΛ π+, Ξ− → Λ π−, ഥΛ → തp−π+, Λ → p+π− mDIY

InclusiveMC: 10B J/ψ inclusive mc

Data: 10B                           J/ψ data
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ST signal MC truth information

ST signal : J/ψ → തΞ+Ξ−, തΞ+ → ഥΛ π+, ഥΛ → ҧ𝑝−𝜋+, Ξ− → 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔.
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ST Event Selection
➢ Charged tracks

✓ No Vertex requirement;  cos θ < 0.93; Ncharge+ ≥ 2; Ncharge− ≥ 1;

➢ Particle ID

✓ Proton: p>0.32 GeV/c;   Nഥp− ≥ 1

✓ Pion: p<0.30 GeV/c;    Nπ+ ≥ 2

➢ Vertex fit for ഥΛ, തΞ+

✓ Primary vertex fit were applied to ҧ𝑝−𝜋+for ഥΛ, ഥΛ𝜋+for തΞ+. Secondary vertex fit were applied 
between ഥΛ and തΞ+, തΞ+ and initial vertex. Loop all the pairs, select combination by minimizing 

𝜒2 = 𝑀 ҧ𝑝−𝜋+ − 𝑀 Λ𝑃𝐷𝐺
2

+ 𝑀 ഥΛ ҧ𝑝𝜋+𝜋+ − 𝑀(Ξ𝑃𝐷𝐺)
2

✓
de𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎഥΛ

𝑑𝑒𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎ𝑒𝑟𝑟ഥΛ
> 0 &&

de𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎഥΞ

𝑑𝑒𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎ𝑒𝑟𝑟ഥΞ
> 0

✓ 𝑀ഥΞ − 1.32171 < 0.009 && 𝑀ഥΛ − 1.115683 < 0.009
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Event Selection
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Event Selection

✓ 1.24 < 𝑀Ξ <1.4
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Yield Extraction Strategy

➢ Single tag yield

✓ 1Million background mc +0.56 Million J/ψ → തΞ+Ξ−, തΞ+ → ഥΛ π+, ഥΛ → തp−π+,Ξ− → Λ π−, Λ → n π0 ,   signal shape
✓ Signal Shape⨂𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 + 1st order Chebychev polynomial 
✓ 10B J/ψ data
✓ Recoil Ξ−mass : ecms - തΞ+

Ξ− → Λ π− 99.887 ± 0.035 %

Λ → p+π− 63.9 ± 0.5 %

Λ → n π0 (35.8 ± 0.5 ) %
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DT signal MC truth information
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Event Selection

➢ Particle ID

✓ Proton: p>0.32 GeV/c;   Np+ ≥ 1

✓ Pion or electron: p<0.30 GeV/c; N ≥ 2

✓ Electron:
𝑃𝑟𝑜𝑏_𝑒

𝑃𝑟𝑜𝑏𝑘+𝑃𝑟𝑜𝑏𝑝𝑖+𝑃𝑟𝑜𝑏_𝑒
>0.8 ; ie.size()>=1, ipim.size()>=1;

➢ Vertex fit for Λ, Ξ−

✓ Primary vertex fit were applied to 𝑝+𝜋− for Λ, Λ𝑒− for Ξ−. Secondary vertex fit were applied 

between Λ and Ξ−.  Loop all the pairs, select combination by minimizing 𝜒2 = 𝑐ℎ𝑖𝑠𝑞𝑝𝜋− +

𝑐ℎ𝑖𝑠𝑞Λ𝑒− + 𝑐ℎ𝑖𝑠𝑞Λ⇢Ξ−

✓ 𝑀Λ − 1.115683 < 0.009 &&  𝑀Ξ𝑟𝑒𝑐𝑜𝑖𝑙
− 1.31639 < 0.023 𝑃Ξ𝑟𝑒𝑐𝑜𝑖𝑙

= 𝑒𝑐𝑚𝑠 − 𝑃ഥΞ

✓
de𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎΛ

𝑑𝑒𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎ𝑒𝑟𝑟Λ
> 0
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Background analysis

➢ 1311 Million inclusive mc is used to find possible background process. In the below 
table, it is clear to see the dominant background is J/ψ → തΞ+Ξ−, തΞ+ → ഥΛ π+, Ξ− →
Λ π−, ഥΛ → തp−π+, Λ → p+π−.



Double tag analysis

Measurements of the branching fraction of    𝛯− → 𝛬 𝑒−𝜈 13

𝑈𝑚𝑖𝑠𝑠 = 𝐸ഥ𝜈e
− 𝑝ഥ𝜈e
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Background veto

Ξ− → Λ π− hypothesis
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Background veto

➢ ln 1 −
𝑝𝑟𝑜𝑏𝑒

𝑝𝑟𝑜𝑏𝑒+𝑝𝑟𝑜𝑏𝑝𝑖+𝑝𝑟𝑜𝑏𝑘
< −5 𝑜𝑟

𝑝𝑟𝑜𝑏𝑒

𝑝𝑟𝑜𝑏𝑒+𝑝𝑟𝑜𝑏𝑝𝑖+𝑝𝑟𝑜𝑏𝑘
> 0.993

➢ 𝑝𝜈 > 0.05

➢ Signal efficiency : 0.057

➢ Background efficiency : 0.000651

➢ 0.057/0.000651=88
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Background veto
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Background veto

(𝑑𝐸/𝑑𝑥)𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑−(𝑑𝐸/𝑑𝑥)𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑,𝑖

𝜎𝑖
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BDTG method

➢ 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 ∶ chie, chimu, chipi, chik, chip

➢ Train samples :  22360 signal mc and 7205 background mc 
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Background veto
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Background veto

➢ ln 1 −
𝑝𝑟𝑜𝑏𝑒

𝑝𝑟𝑜𝑏𝑒+𝑝𝑟𝑜𝑏𝑝𝑖+𝑝𝑟𝑜𝑏𝑘
< −10 𝑜𝑟

𝑝𝑟𝑜𝑏𝑒

𝑝𝑟𝑜𝑏𝑒+𝑝𝑟𝑜𝑏𝑝𝑖+𝑝𝑟𝑜𝑏𝑘
> 0.99995

➢
de𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎΛ

𝑑𝑒𝑐𝑎𝑦𝑙𝑒𝑛𝑔𝑡ℎ𝑒𝑟𝑟Λ
> 2
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Background veto
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BDTG method

➢𝐵𝐷𝑇𝐺 > 0.8

◆ 𝑆𝑖𝑔𝑛𝑎𝑙 𝑦𝑖𝑒𝑙𝑑: 41 ± 20
◆ 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑦𝑖𝑒𝑙𝑑: 116 ± 20

◆ 𝑆𝑖𝑔𝑛𝑎𝑙 𝑚𝑐 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦: 0.031
◆ 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑐 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦: 2.82 × 10−5

◆
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑠𝑖𝑔𝑛𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑏𝑘𝑔 𝑦𝑖𝑒𝑙𝑑
=

5.63×10−4×0.031

0.99887×2.82×10−5 = 0.62

◆ 𝑆𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 𝑖𝑠 𝑎𝑏𝑜𝑢𝑡 3.6𝜎

✓ Signal Shape+ Background shape ⨂𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛
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Next to do

➢DIY signal mc will be used.

➢More detailed study will be done to improve the result.  


