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Outline

• Introduction

• Belle & Belle II experiment & Time-dependent CP violation (TDCPV)

• Silicon Vertex Detector (SVD) & Future Vertex Detector (VTX)
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Jeju University

• 연구실 첫 발표 (2010.07)

• 제주대학교계절학기

• 스킨스쿠버 & 승마

• 연구실 간택
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Kookhyun Kang
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?



Kookhyun Kang
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고전역학
일반물리



Belle & Belle II experiments in Japan
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Super KEKB collider

• 4 𝐺𝑒𝑉 𝑒+ & 7 𝐺𝑒𝑉 𝑒−

• CM energy: 10.58 GeV for Υ 4𝑆
• Asymmetric energy

• Lepton collider

• Luminosity Frontier
• Target luminosity: 6 × 1035 𝑐𝑚−2𝑠−1

• Target Integrated 𝐿: 50 𝑎𝑏−1

• Search for new physics with B, charm, and 𝜏 rare 
decays

• Time dependent CP violation (TDCPV)
using rare decay
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둘레:3km

vs LHC: 27 km



Luminosity Frontier

8

SM NP

Direct search = Energy frontier (at LHC)

- Discover NP contributions through precision 

measurements of SM observables

- How to find NP though indirect searches?

Precise predictions from theory

Rare or forbidden processes

Precise measurements 

from experiments= ?

Motivation of the Belle II experiment

Large statistics 

SM NP

Direct search = Energy frontier (at LHC)

SM
SM+NP

SM+NP

Indirect search = Luminosity frontier



Belle II data > Belle data! (2026.06.05)

9



Belle II data > Belle data! (2026.06.05)
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TDCPV in 𝑩𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝑲𝑺
𝟎 - Motivation
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535M 𝐵 ത𝐵

468M 𝐵 ത𝐵

• Loop diagram

• Time-dependent CP violation

• S: Represents how the behavior (decay 
amplitude) of matter (𝐵0) and antimatter ( ത𝐵0) 
differs over time

• 𝑆 = − sin 2𝜙1
𝑒𝑓𝑓

, called CKM unitarity angle

• Large deviation from S (sin 2𝜙1) in a tree 
diagram could be evidence of NP

NP

- 𝐵0 − ത𝐵0 mixing -Mixing induced 𝐶𝑃
violation (𝑆)



TDCPV in 𝑩𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝑲𝑺
𝟎 - Motivation
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A𝐶𝑃 =
𝑃 ത𝐵0 Δ𝑡 → 𝑓𝐶𝑃 − 𝑃 𝐵0 Δ𝑡 → 𝑓𝐶𝑃

𝑃 ത𝐵0 Δ𝑡 → 𝑓𝐶𝑃 + 𝑃 𝐵0 Δ𝑡 → 𝑓𝐶𝑃
= 𝑆𝑠𝑖𝑛 Δ𝑚Δ𝑡 + 𝐴𝑐𝑜𝑠 Δ𝑚Δ𝑡

𝑆 = mixing-induced 𝐶𝑃 violation

𝐴 = direct 𝐶𝑃 violation
- Time-dependent 𝑪𝑷 asymmetry 

𝑃 =
𝑒
−
Δ𝑡
𝜏𝐵0

4𝜏𝐵0
× (1 + 𝑞 𝑆𝑠𝑖𝑛 Δ𝑚𝑑Δ𝑡 + 𝐴 cos(Δ𝑚𝑑Δ𝑡 )

here the time dependent decay rate (𝑃) is given by q = flavor information of tag side

Δ𝑚𝑑 = mass difference between 

Δ𝑡 = distance between B-meson pairs

Lorentz boost = 0.425

Asymmetric energy 

Sufficient distance

Δ𝑡 = Δ𝑧/𝛽𝛾𝑐, Δ𝑧 ≈ 200 𝜇𝑚
𝛽𝛾= boost factor 0.425

Flavor tagging



TDCPV in 𝑩𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝑲𝑺
𝟎 - Analysis Procedure
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𝑩𝒔𝒊𝒈𝒏𝒂𝒍

𝑩𝒕𝒂𝒈

𝑲𝑺
𝟎

𝑲𝑺
𝟎

𝑲𝑺
𝟎

𝝅+

𝝅−

𝝅+

𝝅−

𝝅−

𝝅+

Δ𝑧

𝚫𝒛 ≈ 𝟐𝟎𝟎 𝝁𝒎, 𝚫𝒕 (~𝒑𝒔) = 𝚫𝒛/𝜷𝜸𝒄
𝜷𝜸= Lorentz boost (0.425)

At least one pion 

pair has silicon 

vertex detector hit
𝒆−

𝒆−

𝚼(𝟒𝑺)

Key features

Clean environment (lepton collider)

Center of mass energy at Υ(4S)
Asymmetric-energy

• 1. Reconstruct 𝐵𝑠𝑖𝑔𝑛𝑎𝑙 (𝐵
0 → 𝐾𝑆

0𝐾𝑆
0𝐾𝑆

0)  candidate and 𝐵𝑡𝑎𝑔
(generic B decay)

• 2. Suppress background
• 1. kinematic variables; 2. event shape for continuum background

• 3. Flavor information (𝑞 = 𝐵 𝑜𝑟 ത𝐵)
Proper decay time difference 𝜟𝒕 between 𝐵𝑠𝑖𝑔𝑛𝑎𝑙 and 𝐵𝑡𝑎𝑔



Example of event display for Υ 4𝑆 → 𝐵 ത𝐵
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LHCB



TDCPV results in 𝑩𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝑲𝑺
𝟎
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Without TCPV

• Measurement results

• Obtained number of signal events: 258 ± 17

• 𝑆 (− sin 2𝜙1
𝑒𝑓𝑓

) = −0.71 ± 0.23 𝑠𝑡𝑎𝑡 ± 0.05 (𝑠𝑦𝑠𝑡)

• 𝐶 = 0.12 ± 0.16 stat ± 0.05 (syst)

• Direct CP violation: 𝑃(𝐵0 → 𝐾𝑆
0𝐾𝑆

0𝐾𝑆
0) ≠ 𝑃( ത𝐵0 → 𝐾𝑆

0𝐾𝑆
0𝐾𝑆

0)

𝐵0

ത𝐵0



TDCPV future

• C. Marinas (Belle II Collaboration), “The Belle II Experiment at SuperKEKB -- Input to the 
European Particle Physics Strategy”, arXiv.2503.24155.

• Precise TDCPV measurements require precise vertex reconstruction, which in turn demands an 
excellent silicon vertex detector.

16



Silicon Vertex Detector
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Silicon Vertex Detector (SVD)
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135 mm

7 GeV 𝑒−

8 GeV 𝑒+



Ladder
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SVD – construction
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ORIGAMI
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Low material budget: 0.7%𝑋0 per layer

Low noise due to the short sensor–APV25 connection length



Gluing - Wrapping Procedure

move

Spread glue on PA1/2

Tip of a glue injector 

Align wrapping jigs

Wrapping jigs

Move a head to forward 

Pick up and fold PA1/2

Push down to setting height

down

Wire bonding 

btw PA1/2 and APV25
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Wire bonding
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Optimized bonding parameters and gluing quality led to a 99% bonding efficiency

- validated by pull-force measurements and bond pad inspections.

Bond lift Bond Heel Break



As a SVD deputy leader since Feb. 2023
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- SVD operation

- Radiation with diamond sensor

- Online SW

- Publication

- Offline SW

- Management human resources

With three SVD

operation coordinators

65 people from 16 institutions in 6 countries

Average 4 talks & 2 posters / year

Radiation dose monitoring

& beam bort system

SVD performance

& beam bkg. rejection

Environmental monitoring

Slow control & achieve



Timeline for VTX upgrade
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Looking into the future



Super KEKB upgrade

• To achieve higher luminosity at SuperKEKB, several accelerator systems must be 
upgraded, including the IR and QCS. 

• As a consequence, the VTX must also be upgraded, both to match the new IR/QCS 
geometry and to operate reliably under the increased hit rate
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Vertex Detector (VTX) - motivation
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PXD (Pixel Detector) (L1 – L2)

+SVD (Silicon Vertex Detector) (L3-L6)

Inner vertex: L1-L2

Outer vertex: L3-L5 (or L6)



Vertex Detector (VTX) - motivation
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True hit: 15

Fake (ghost) hit= 330



Vertex Detector (VTX) - 1
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PXD (Pixel Detector) (L1 – L2)

+SVD (Silicon Vertex Detector) (L3-L6)

Inner vertex: L1-L2

Outer vertex: L3-L5 (or L6)

Material budget: 3.5% X/X0 → 3.0% X/X0

->sensor thickness 300 (SVD) -> 50 (VTX)

Radiation dose: 100 𝑀𝑅𝑎𝑑



Vertex Detector (VTX) - 2

• Monolithic Active Pixel Sensor (MAPS) technology (sensor + readout)

• OBELIX (Optimised BELle II monolithic pIXel) Sensor, based on TJ-Monopix2 prototype 
(developed for HL-LHC ATLAS)

• Based on beam test results of TJ-Monopix2, the OBELIX design is now being finalized.

• First OBELIX → around the end of 2026
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Hit rate: 120 𝑀𝐻𝑧 / 𝑐𝑚2 ≈ 4 x conservative bkg scenario

Trigger logic: 4 𝜇𝑠 → 10 𝜇𝑠
Spatial resolution: 20 𝜇𝑚 → 15 𝜇𝑚

DEPFET Double-sided

Strip Silicon Sensor



Vertex Detector (VTX) - 3

• Inner VTX

• Self-supported all-silicon modules

• Cooling system is under development

• with heat-conductance material (TPG)

31

Inner VTX Outer VTX

✓Outer VTX

• Carbon-fiber structure with Airex foam 

as core material

• Cold plate with liquid cooling



Summary

• Belle & Belle II experiment

• Time-dependent CP violation

• Silicon Vertex Detector

• Also silicon R&D in lab

• Future Plan

• VTX upgrade for Belle II LS2

• BIC silicon senso assemble for EIC

• Silicon R&D and application

• Establish a Silicon Detector Group at KNU

• Collaborate with colleagues at KNU and KSHEP
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Belle II collobration

33

• Chonnam National University, • Hanyang University, • KISTI, • Kyungpook National University,

 • Soongsil University, • Chung-Ang University, • Korea University, • Seoul National University,

 • Sungkyunkwan University, • Yonsei University
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