
Measurements of the 

branching fraction for 

Ξ− → Λ 𝑒−𝜈
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Data set

Here I chose Ξ− → Λ e− ν， Ξ+ →  Λ π+ as my data set. 
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𝜋+

𝜋−



Background analysis

The main background should be Ξ− → Λ π−
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Data set
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8000000   Background mc   Ξ− → Λ π−

1412000   signal mc   Ξ− → Λ e− ν



Event selection
Charged Tracks

No Vertex requirement; cos 𝜃 < 0.93; n𝑐ℎ𝑎𝑟𝑔𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 ≥
2; 𝑛𝑐ℎ𝑎𝑟𝑔𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 ≥ 1;

PID
Proton: p>0.32 GeV/c; 𝑛𝑝𝑟𝑜𝑡𝑜𝑛− ≥ 1
Pion: p<0.32 GeV/c; 𝑛𝑝𝑖𝑜𝑛+ ≥ 2

Vertex fit for  Λ,  Ξ+

 For  Λ,  Ξ+, primary and secondary vertex fit used for the  𝑝−𝜋+for  Λ,  Λ𝜋+for  Ξ+.
Loop all the pairs, select combination by minimizing 𝜒2 =  𝑀  𝑝−𝜋+ −
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Event selection

PID
𝑛𝑝𝑟𝑜𝑡𝑜𝑛+ ≥ 1，𝑛𝑝𝑖𝑜𝑛− ≥ 2
 Electron: prob_e>prob_K && prob_e>prob_π; ie.size()==1;

Vertex fit for Λ, Ξ−

 For Λ, primary and secondary vertex fit used for the 𝑝+𝜋−for Λ, Λ for Ξ−.
 For Ξ−, primary vertex fit used for the Λ𝑒− for Ξ−.

Loop all the pairs, select combination by minimizing 𝜒2 = 𝑐ℎ𝑖𝑠𝑞𝑝𝜋− +

𝑐ℎ𝑖𝑠𝑞Λ + 𝑐ℎ𝑖𝑠𝑞Λ𝑒−
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Background analysis

The momentum cut of neutrino should be 
higher than 0.05 

Ξ− → Λ e− ν

Ξ− → Λ π−
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Background analysis

Here is the costheta of recoiling 
pion. We prefer the modulus of 
costheta is smaller than 0.7

𝑃𝜋 = 𝑃Ξ − 𝑃Λ

Because Ξ → Λ 𝑒 𝜐 has 4 particles in this process 
and Ξ → Λ 𝜋 only has 3. If we mistake 𝜋 for 
electron, this result should be zero as for the 
background. 
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Background analysis
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Event selection

Inclusive MC

Jpsi data
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Variables
• Prob_e, Prob_pi, 𝒑𝒆

• Volume :   𝒑𝜩 × 𝒑𝜦 ∙ 𝒑𝒆

• 𝒑𝝂 >0.05

• |𝐜𝐨𝐬𝜽𝒓𝒆𝒄𝒐𝒊𝒍 𝝅|<0.7

• 𝑴 𝜩 − 𝟏. 𝟑𝟐𝟏𝟕𝟏 < 𝟎. 𝟎𝟏𝟏

• 𝑴 𝜦 − 𝟏. 𝟏𝟏𝟓𝟔𝟖𝟑 < 𝟎. 𝟎𝟏𝟏𝟓

• 𝑴𝜦 − 𝟏. 𝟏𝟏𝟓𝟔𝟖𝟑 < 𝟎. 𝟎𝟏𝟏𝟓

• 𝑴𝜩 − 𝟏. 𝟑𝟐𝟏𝟕𝟏 < 𝟎. 𝟎𝟑



Apply selection to data

𝑈𝑚𝑖𝑠𝑠 = 𝐸𝜈 − p𝜈

𝐸𝜈 = 𝐸𝑏𝑒𝑎𝑚 − 𝐸Λ − 𝐸𝑒

 𝑝𝜈 =  𝑝𝑎𝑙𝑙 −  𝑝 Ξ −  𝑝Λ −  𝑝𝑒

 𝑝 Ξ =  𝑝𝑡𝑎𝑔 𝐸𝑏𝑒𝑎𝑚
2 −𝑚 Ξ

2

𝑀𝑚𝑖𝑠𝑠
2 = 𝐸𝜈

2 −  𝑝𝜈
2
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Event selection

ln(1 −
𝑝𝑟𝑜𝑏𝑒

𝑝𝑟𝑜𝑏𝑒 + 𝑝𝑟𝑜𝑏𝑝𝑖 + 𝑝𝑟𝑜𝑛𝑘𝑎𝑜𝑛
)



TMVA
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Variables : 

Prob_e ——— probability of electron in ParticleID

Prob_pi ——— probability of pion in ParticleID

Prob_k ——— probability of kaon in ParticleID

𝑷𝒆 ——— momentum of electron

𝑷𝝂 ——— momentum of neutrino

𝐜𝐨𝐬𝜽𝒓𝒆𝒄𝒐𝒊𝒍 𝝅 ——— cos(θ) of recoil pion 

Volume ——— 𝒑𝜩 × 𝒑𝜦 ∙ 𝒑𝒆



TMVA
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TMVA
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TMVA
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Variables : Prob_e, Prob_pi, Prob_k, 𝑃𝑒 , 𝑃𝜈 , cos 𝜃𝑟𝑒𝑐𝑜𝑖𝑙 𝜋, volume

BDT>0.2 and 𝐥𝐧(𝟏 −
𝒑𝒓𝒐𝒃𝒆

𝒑𝒓𝒐𝒃𝒆+𝒑𝒓𝒐𝒃𝒑𝒊+𝒑𝒓𝒐𝒃𝒌𝒂𝒐𝒏
)<-14



TMVA
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I chose BDT method. 

BDT>0.2    and 𝐥𝐧(𝟏 −
𝒑𝒓𝒐𝒃𝒆

𝒑𝒓𝒐𝒃𝒆+𝒑𝒓𝒐𝒃𝒑𝒊+𝒑𝒓𝒐𝒃𝒌𝒂𝒐𝒏
)<-14

Background efficiency=206/8000000= 2.575×10^(-5) 

signal efficiency=41568/1412000=0.03

𝐬𝐢𝐠 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 × 𝐬𝐢𝐠 𝐟𝐫𝐚𝐜𝐭𝐢𝐨𝐧

𝐛𝐤𝐠 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 × 𝐛𝐤𝐠 𝐟𝐫𝐚𝐜𝐭𝐢𝐨𝐧
=

𝟎. 𝟎𝟑 × 𝟓. 𝟔𝟑 × 𝟏𝟎−𝟒

2.575×10−𝟓
= 𝟎. 𝟔𝟓𝟓



TMVA
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BDT_out>0.2    and 𝐥𝐧(𝟏 −
𝒑𝒓𝒐𝒃𝒆

𝒑𝒓𝒐𝒃𝒆+𝒑𝒓𝒐𝒃𝒑𝒊+𝒑𝒓𝒐𝒃𝒌𝒂𝒐𝒏
)<-14

11822M jpsi data (I misused 5911M twice)

154 events are left


