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 Electrons and positrons are accelerated up to 7.007 GeV and 4.000 GeV respectively by 

SuperKEKB

 Its energy correspond to the resonance of Υ(4𝑆) which mainly decay into B meson pair

 In my analysis, B meson pairs from Υ(4𝑆) are used

𝑒− (7 GeV) 𝑒+ (4 GeV)
Υ(4𝑆)

𝐵

ത𝐵
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 𝐵 → 𝑋𝑠𝜈 ҧ𝜈 decay is theoretically cleaner than 𝐵 → 𝑋𝑠𝑙𝑙

 Branching ratio of 𝐵 → 𝑋𝑠𝜈 ҧ𝜈 does not depend on form factors

※ 𝜂 = −
𝑅𝑒(𝐶𝐿

𝜈𝐶𝑅
𝜈∗)

𝐶𝐿
𝜈 2

+ 𝐶𝑅
𝜈 2,    𝜖 =

𝐶𝐿
𝜈 2

+ 𝐶𝑅
𝜈 2

(𝐶𝐿
𝜈)𝑆𝑀

Wolfgang Altmannshofer et al JHEP04(2009)022

 Its branching ratio depends on right-handed component

cf. branching ratio of 𝐵 → 𝐾(∗)𝜈 ҧ𝜈 depends on form factors

New physics can enhance the decay



𝐵+ → 𝐾+𝜈 ҧ𝜈 𝐵+ → 𝐾∗+𝜈 ҧ𝜈

Event Generation
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 𝐵 → 𝐾𝜈 ҧ𝜈, 𝐵 → 𝐾∗𝜈 ҧ𝜈, and non-resonant 𝐵 → 𝑋𝑠𝜈 ҧ𝜈 MC samples are produced separately †‡

𝐵 → 𝐾𝜈 ҧ𝜈 and 𝐵 → 𝐾∗𝜈 ҧ𝜈 samples are produced based on form factors

ℳ(𝐵 → 𝐾𝜈 ҧ𝜈) ∝ 𝑓+(𝑞
2) 𝑝𝐵 + 𝑝 𝜇 −

𝑚𝐵
2 −𝑚𝐾

2

𝑠
𝑞𝜇 ҧ𝜈𝛾𝜇 1 − 𝛾5 𝜈

ℳ(𝐵 → 𝐾∗𝜈 ҧ𝜈) ∝ 𝑇𝜇 ҧ𝜈𝛾𝜇 1 − 𝛾5 𝜈 , where 𝑇𝜇 = 𝑚𝐵 +𝑚𝐾∗ 𝐴1 𝑞2 𝜖𝜇
∗ − 𝐴2 𝑞2

𝜖∗∙𝑞

𝑚𝐵+𝑚𝐾∗
𝑝 + 𝑝𝐾∗ 𝜇 + 𝑖

2𝑉 𝑞2

𝑚𝐵+𝑚𝐾∗
𝜖𝜇𝜈𝜌𝜎𝜖

∗𝜈𝑝𝜌𝑝𝐾∗
𝜎

† Buras, Andrzej J., et al. ” 𝐵 → 𝐾(∗)𝜈 ҧ𝜈 decays in the Standard Model and beyond.” Journal of High Energy Physics 2015.2 (2015): 1-39.

‡ Bharucha, Aoife, David M. Straub, and Roman Zwicky. ” 𝐵 → 𝑉ℓ+ℓ−in the Standard Model from light-cone sum rules.” Journal of High Energy Physics 2016.8 (2016): 1-64.

※ 𝑞2 = (𝑝𝜈 + 𝑝ഥ𝜈)
2
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 For non-resonant 𝐵 → 𝑋𝑠𝜈 ҧ𝜈 MC samples, following distribution is used †

, where ෝ𝑚𝑠 = Τ𝑚𝑠 𝑚𝑏 and 𝑠𝑏 = Τ𝑞2 𝑚𝑏
2

dΓ

𝑑𝑞2
∝ 𝜆 1, ෝ𝑚𝑠, 𝑠𝑏 3𝑠𝑏 1 + ෝ𝑚𝑠

2 − 𝑠𝑏 − 4 ෝ𝑚𝑠 + 𝜆 1, ෝ𝑚𝑠, 𝑠𝑏

 To determine the mass of non-resonant 𝑋𝑠, Fermi motion model is used ‡

† Altmannshofer, Wolfgang, et al. "New strategies for new physics search in B→ K* νν̄, B→ Kνν̄ and B→ Xsνν̄ decays." Journal of High Energy Physics 2009.04 (2009): 022.

‡ Ali, Ahmed, et al. "Power corrections in the decay rate and distributions in B→ X s l+ l− in the standard model." Physical Review D 55.7 (1997): 4105.
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 One side of B meson is reconstructed

 Tag side B meson is used to suppress backgrounds

𝑒− 𝑒+
Υ(4𝑆)

𝐵𝑠𝑖𝑔

𝑋𝑠

ҧ𝜈

𝜈

𝐵𝑡𝑎𝑔

tag side

reconstructed

signal side

hadronic decays are used for reconstruction

this B meson is called 𝐵𝑡𝑎𝑔 (tag side B meson)

𝑀𝑏𝑐
𝑡𝑎𝑔

≡ 𝐸𝑏𝑒𝑎𝑚
2 − |𝑝𝐵

2|

Δ𝐸𝑡𝑎𝑔 ≡ 𝐸𝐵 − 𝐸𝑏𝑒𝑎𝑚

- generally B meson mass for signal

- generally 0 for signal
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 30 decay modes are reconstructed (sum of exclusive method)

𝐵0, ത𝐵0 𝐵±

𝐾 𝐾𝑠
0 𝐾±

𝐾𝜋 𝐾±𝜋∓ 𝐾𝑠
0𝜋0 𝐾±𝜋0 𝐾𝑠

0𝜋±

𝐾2𝜋 𝐾±𝜋∓𝜋0 𝐾𝑠
0𝜋±𝜋∓ 𝐾𝑠

0𝜋0𝜋0 𝐾±𝜋∓𝜋± 𝐾𝑠
0𝜋±𝜋0 𝐾±𝜋0𝜋0

𝐾3𝜋 𝐾±𝜋∓𝜋±𝜋∓ 𝐾𝑠
0𝜋±𝜋∓𝜋0 𝐾±𝜋∓𝜋0𝜋0 𝐾±𝜋∓𝜋±𝜋0 𝐾𝑠

0𝜋±𝜋∓𝜋± 𝐾𝑠
0𝜋±𝜋0𝜋0

𝐾4𝜋 𝐾±𝜋∓𝜋±𝜋∓𝜋0 𝐾𝑠
0𝜋±𝜋∓𝜋±𝜋∓ 𝐾𝑠

0𝜋±𝜋∓𝜋0𝜋0 𝐾±𝜋∓𝜋±𝜋∓𝜋± 𝐾𝑠
0𝜋±𝜋∓𝜋±𝜋0 𝐾±𝜋∓𝜋±𝜋0𝜋0

3𝐾 𝐾±𝐾∓𝐾𝑠
0 𝐾±𝐾∓𝐾±

3𝐾𝜋 𝐾±𝐾∓𝐾±𝜋∓ 𝐾±𝐾∓𝐾𝑠
0𝜋0 𝐾±𝐾∓𝐾±𝜋0 𝐾𝑠

0𝐾±𝐾∓𝜋±

 It covers ~83% of my non-resonant 𝑋𝑠 sample

 Pre-selections are based on

- the number of remaining tracks

- remaining energy deposited in the calorimeter

- vertex fit information

- mass of 𝑋𝑠 candidate
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Selection SIGNAL CHG MIX UUBAR DDBAR SSBAR CHARM

Generated 22946.1 364.436 𝑓𝑏−1

Skim 761.7 3.65 ∙ 107 2.81 ∙ 107 8.61 ∙ 107 2.07 ∙ 107 1.75 ∙ 107 9.80 ∙ 107

Reconstruction & preselection 86.9 98380 58118 257768 61379 125023 430049

𝑀𝑏𝑐
𝑡𝑎𝑔

> 5.27 GeV 61.7 27808 16007 51977 12613 26308 82031

|Δ𝐸𝑡𝑎𝑔| < 0.2 GeV 58.0 26917 15284 49152 11947 24805 77699

𝐸𝑒𝑐𝑙 < 1.5 GeV 56.4 12647 7678 19456 4859 12849 34144

0.297 < 𝜃𝑚𝑖𝑠𝑠𝑖𝑛𝑔< 2.618 53.1 11227 6760 16244 4087 11537 29495

0.5 < 𝑝𝑋𝑠 < 2.96 51.3 10255 6100 14923 3772 10962 27334

D veto (1.84 < 𝑀𝑋𝑠 < 1.89 ) 51.2 9945 5834 14735 3736 10858 26903

BCS 51.2 9945 5834 14735 3736 10858 26903

MVA 40.5 1461 791 365 109 366 552

※ Signal and background samples are scaled by 364.436 𝑓𝑏−1

Number of event

※ Efficiency = 
40.5

22946.1
= 0.00177

※ 𝑀𝑏𝑐
𝑡𝑎𝑔

≡ 𝐸𝑏𝑒𝑎𝑚
2 − |𝑝𝐵

2|

※ Δ𝐸𝑡𝑎𝑔 ≡ 𝐸𝐵 − 𝐸𝑏𝑒𝑎𝑚

※ E𝑒𝑐𝑙: remaining energy deposited in the calorimeter
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 43 variables are used

 BDT is used as MVA method

they are selected based on data
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 Gridsearch is used to optimize hyperparameters

 Small overtraining can be found

However, it is acceptable amount
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 MVA output value is also used for a fitting and limit setting

↑signal ↑background
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 Lower beam energy data is checked for a validation

Because beam energy is lower, Υ 4𝑆 → 𝐵 ത𝐵 is not produced

𝑒− 𝑒+
Υ(4𝑆)

𝑞

ത𝑞
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 Side band is checked for a validation

definition of sideband: 5.20 < 𝑀𝑏𝑐
𝑡𝑎𝑔

< 5.26 GeV

※ 𝑀𝑏𝑐
𝑡𝑎𝑔

≡ 𝐸𝑏𝑒𝑎𝑚
2 − |𝑝𝐵

2|
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 BDT output value is used for a fitting and limit setting

 Histogram PDF is used

HistFactory is used as a tool



Fitting and Limit Setting
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 Probability density function is constructed by number of bin and constraint term

Poisson distribution

for each bin/channel

Constraint term for systematic uncertainty

(nuisance parameters)



Fitting and Limit Setting
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𝑈𝐿 𝐵 → 𝑋𝑠𝜈 ҧ𝜈 ~ 1.3 × 10−4 (90CL)

※ SM prediction: 2.9 ⋅ 10−5

 Upper limit of branching ratio is calculated by CLs method
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 Toy MC study is done to check a fitter quality

All nuisance parameters are fluctuated for each toy

 Pull distribution seems to be fine
𝜇 = 0.027 ± 0.010

𝜎 = 0.991 ± 0.006

(𝜇 = 1 when SM)



Fitter Check
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 Linearity test is done

 Linearity test show good linearity

𝑦 = 𝑝1𝑥 + 𝑝0

𝑝1 = 0.996 ± 0.002

𝑝0 = 0.205 ± 0.009 (small bias)

𝜇injected = 8.0
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 Systematic uncertainties are partially estimated

remaining uncertainties will be estimated
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Summary

Plan

 𝐵 → 𝑋𝑠𝜈 ҧ𝜈 analysis is theoretically clean

 Control sample study (𝐵 → 𝑋𝐽/𝜓)

 Tagging method is used

 Some of systematic uncertainties are estimated

 Validations are done
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