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SuperKEKB collider
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Belle II detector

𝑒" 7GeV

𝑒# 4 GeV

The 2nd-generation B factory: Belle II



The 2nd-generation B factories: Belle II and LHCb
Property LHCb Belle II

𝜎%&&(𝑛𝑏) ~150,000 ~1

+𝐿𝑑𝑡 𝑓𝑏"0 𝑏𝑦 2027
~25 ~50,000

Background level High Low

Typical efficiency Low High

𝜋6, 𝐾9 efficiency Low High

Initial state Not well known Well known

Decay-time resolution Excellent Good

Collision spot size Large Tiny

Heavy bottom hadrons 𝐵9, 𝐵;, b-baryons Partly 𝑩𝒔
𝜏 physics capability Limited Excellent 

B-flavor tagging efficiency 3.5-6% 36%
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Reference: Abi Soffer, Intensity Frontier in Particle Physics, October 2019, Taipei



Start-up schedule, phase 3 for physics data 

2020/2/14 LLWI 2020, Rare B Decays at Belle II, M.-C. Chang 4

(2016-2018)

(2018)

(2019-2027)



Detector performance and rediscovery of 
known physics
• Current integrated luminosity, ~O(10 𝒇𝒃"𝟏) in 2019 is similar to that of CLEO in mid-90’s. 
• Used mostly for validating detector performance and commissioning

• Belle II research goals are summarized in "The Belle II Physics Book”. 
• https://arxiv.org/abs/1808.10567 and https://doi.org/10.1093/ptep/ptz106

• Please check the talks: 
• Belle II Status and prospects, Friday morning, Speaker: Tadeas Bilka
• First results on DM searches at Belle II, Thursday morning, Speaker: Michael de Nuccio
• Semileptonic and leptonic B decays at Belle II, Tuesday morning, Speaker: Andreas Warburton
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2020 summer 2021 spring 2022 spring 2027
~150 𝒇𝒃"𝟏 ~500 𝒇𝒃"𝟏 ~1.5 𝒂𝒃"𝟏 50 𝒂𝒃"𝟏

https://arxiv.org/abs/1808.10567
https://doi.org/10.1093/ptep/ptz106
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b→ 𝒔ℓ#ℓ"

Please also check the details: 
• Lepton Flavour Universality in b → sll Decays at LHCb, Tue morning, Speaker: Sam Maddrell-Mander
• Flavour Physics review,  Tue morning, Speaker: G U Y W O R M S E R 

• B→ 𝑿𝒔ℓ#ℓ"
• Lepton Flavour Universality (LFU) Violation

• Angular analysis in B→ 𝑲(∗)ℓ#ℓ"
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Wilson Coefficients in b→ 𝒔 prcoesses
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Anomalies in b→ 𝒔ℓ#ℓ"
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Angular analysis in b→ 𝒔ℓ#ℓ"
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Global Fit to b→ 𝒔ℓ#ℓ"
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Belle II Prospects of 𝑷𝟓J in B→ 𝑲∗ℓ#ℓ"
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𝐑𝐞𝐜𝐨𝐧𝐬𝐭𝐫𝐮𝐜𝐭𝐢𝐨𝐧 𝐨𝐟 B→ 𝑿𝒔ℓ#ℓ"
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𝐏𝐫𝐨𝐬𝐩𝐞𝐜𝐭𝐬 𝐨𝐟 𝐁𝐅 𝐚𝐧𝐝 𝐀𝐅𝐁 𝐢𝐧 B→ 𝑿𝒔ℓ#ℓ"
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Belle II Prospects of 𝑅^, 𝑅^∗, 𝑅_9in b→ 𝒔ℓ#ℓ"



2020/2/14 LLWI 2020, Rare B Decays at Belle II, M.-C. Chang 15

Belle II Prospects of NP in 𝐶a and 𝑃cJ
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𝐁 → 𝑲∗𝝂e𝝂
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Belle II Prospects of 𝐁 → 𝑲∗𝝂e𝝂
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Branching Fraction of 𝐁 → 𝑿𝒔𝜸
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Belle II Prospects the BF of 𝐁 → 𝑿𝒔𝜸
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CP asymmetry study of 𝐁 → 𝑿𝒔𝜸
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Belle II Prospects CP asymmetry study of 𝐁 → 𝑿𝒔𝜸
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Measurement of 𝝓𝟐



Rediscovery of 𝑩 → 𝒉#𝒉J"
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Summary

• Belle II began taking physics data in 2019
• Integrated luminosity ~O(10 𝑓𝑏"0) used for commissioning and some 

unique measurements 
• Will reach Belle’s integrated luminosity in 2022
• Belle II will be competitive/complementary to LHCb on many other 

areas soon
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Backup
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Outline

• The SuperKEKB collider and Belle II detector
• The Prospects of rare B decays at Belle II
• Flavour Changing Neutral Currents (FCNC) B decays

• b → 𝑠ℓ#ℓ"

• B decays with missing energy 
• B → 𝐾(∗)𝜈�̅�,

• B decays with 𝛾
• B → 𝐾(∗)𝛾, 𝑋9𝛾

• Direct CP violation
• 𝐵 → ℎℎ (ℎ = 𝐾 𝑜𝑟 𝜋)
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The 1st-generation B factories
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https://www2.kek.jp/proffice/archives/feature/2010/BelleBaBarBook.html

“B factory”: High-luminosity, asymmetric-energy 𝑒#𝑒" collider operating at 
𝑠 = 10.58 GeV to produce 𝑒#𝑒" → Υ 4𝑆 → 𝐵 %𝐵

Belle in Japan
1999-2010
~1000 𝑓𝑏"0= 1 𝑎𝑏"0

BaBar in the US
1999-2008
~500 𝑓𝑏"0= 0.5 𝑎𝑏"0

Initial goal: test the CP-violation mechanism of the SM

https://www2.kek.jp/proffice/archives/feature/2010/BelleBaBarBook.html


Expected Luminosity in the Near Term
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Reference: Y. Suetsugu, B2GM, 2020.Feb.03

The Int. L will be 100 - 150 𝒇𝒃"𝟏 until 2020/7/1, and 320 – 500 𝒇𝒃"𝟏 until 2021/3/31.



Expected Luminosity in the Middle Term
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Reference: Y. Suetsugu, B2GM, 2020.Feb.03

The Int. L will be 0.6 – 1.5 𝒂𝒃"𝟏 until 2022/3/1, and 2.7 – 3.4 𝒂𝒃"𝟏 until 2023/3/31.



The new record of the peak luminosity  

2020/2/14 LLWI 2020, Rare B Decays at Belle II, M.-C. Chang 30

The photograph indicates the peak luminosity of Belle II experiment reached 𝟏𝟎𝟓. 𝟒𝟑× ⁄𝟏𝟎𝟑𝟐 𝒄𝒎𝟐 /𝒔𝒆𝒄
in the evening of December 3, 2019. Credit: KEK Outreach Committee.

Welcome to follow Belle II Collaboration 
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The Belle II Physics Book

Sensitivity estimates on the golden 
(and silver) channels are given



Hadron-ID performance
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Hadron-ID performance
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Event Topology tells us we are producing B’s
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𝐁 → 𝑲∗𝝂e𝝂

Reference: Sourav Dey@FHEP2019

Beam-constrained vertexing
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𝐁 → 𝑲∗𝝂e𝝂

Reference: Sourav Dey@FHEP2019

Need a better constraint
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Reference: Sourav Dey@FHEP2019

𝐁 → 𝑲∗𝝂e𝝂
A new constraint: Btube
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Reconstruction of B→ 𝑲(∗)ℓ#ℓ"


