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Why SuperKEKB/Belle II ?

Standard Model
CPV in B decay

Beyond the SM
Any deviation from the SM??

See Y.J. Kwon’s b-anomaly talk

??
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Why SuperKEKB/Belle II ?

LHC
ATLAS,CMS

SuperKEKB
Belle II

• Search for the New Physics beyond the SM
• Direct new particle production : ATLAS/CMS @LHC

• So far, no evidence of the New Physics from LHC 

• Indirect new particle contribution : Belle II @SuperKEKB



4

Belle II @ SuperKEKB
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~1120 active members 
from 123 institutes in 26 countries
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E(GeV)
e+ / e-

β*y
e+ / e-

I(A)
e+ / e-

Peak L
(cm-2s-1)

KEKB 3.5 / 8.0 5.9 / 5.9 1.6 / 1.2 2.1 × 1034

SuperKEKB 4.0 / 7.0 0.27 / 0.30 3.6 / 2.6 80 × 1034

Belle II @ SuperKEKB
• Successor to Belle @ KEKB (~1 ab-1)
• No enough Belle data for the New Physics beyond the SM
• Plan to collect 50 ab-1 of collisions mostly at Y(4S)
• SuperKEKB peak luminosity design goal is 8 x 1034/cm2/sec

• Beam current: ×2 (High RF power)
• Beam size: x 1/20 (Nano-beam; low emittance,                       

compact and strong focusing quads; QCS)



The Belle II detector
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• Pipeline readout
• Better beam background insensitivity
• Improved vertexing & tracking
• Improved Particle-ID (K/π/p)

Trigger & DAQ readout :
• Max. 30kHz Hardware trigger rate

• High Level Trigger 1/3 rate reduction

Offline computing: 
• Distributed over the world via GRID

Belle II TDR arXiv:1011.0352
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Belle II operation status

• Collected 213.6 fb-1 by 2021ab run
• World highest peak luminosity: 3.12 x 1034 cm-2s-1 

• Resumed Belle II operation (2021c run)
• LS1 planned for PXD/TOP system upgrade after 

collecting Belle II data comparable to Belle
• Data taking continued even in the covid-19 

situation with caution.
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Belle II Physics
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Belle II Physics Program

The Belle II Physics Book, 
PTEP 2019, 123C01 (2019)

Image courtesy of Tom Browder
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Belle II vs LHCb
Complementary to each other
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Belle II Physics Results
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Belle II Physics Results

• Many data analyses of various physics sectors have been performed.

• 20 conference papers are available.

• 4 physics journal papers published.
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D0/D+ lifetime measurements @ Belle II

• Lifetime measurements test effective QCD models 
and provide guidance to describe strong interactions

• High precision measurement
• Excellent vertex detector alignment
• Precise calibration of final state particle momenta

• Data sample
• 72 fb-1 Belle II dataset
• High-purity golden decay modes
• Reconstruct D*+ → D0     ( → K−    π + ) π   s  + and 

D*+ → D+  ( → K−    π + π +   ) π  s0
from mostly e+  e− → cc̄

0.2% bkg 8.8% bkg
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D0/D+ lifetime measurements @ Belle II
• Unbinned ML fit to ( t, σt )

• Resolution ~ 60-70 fs

σt

σt

t

t
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D0/D+ lifetime measurements @ Belle II

• Most precise to date

• Consistent with other experiments

• Demonstrated excellent vertexing capabilities

• Confirmed understanding of systematic effect

• Impact future decay-time-dependent analyses 

Phys. Rev. Lett. 127, 211801 (2021)
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B+→ K+ ν ν decay @ Belle II

missing

tag
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B signal reconstruction @ Belle II : Tagged Analysis
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B signal reconstruction @ Belle II : Untagged Analysis

highest pT track
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• Complementary probe of BSM physics scenarios with 𝑏𝑏 → 𝑠𝑠ℓℓ transitions.
• Not observed yet..
• SM prediction:

• Previous Belle analyses
• Advantage for e+e- collisions : Ecm is fixed

Signature : missing energy (peaking at zero)
• B meson tagging (Full Recon. on opposite side)

Hadronic tagging εsigx εtag ~ 0.04%
Semileptonic tagging εsigx εtag ~ 0.20%

• New approach at Belle II :
• “Inclusive tagging” for the first time!
• Belle II data (only), 63 fb-1

B+→ K+ ν ν decay @ Belle II

Belle, Phys. Rev. D 96, 091101 (2017)
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• Signal reconstructed as the highest pT track
• Inclusive reconstruction of the rest-of-event (ROE)
• Inclusive tagging: Train two Boosted Decision Trees 

(BDTs) in cascade to suppress backgrounds using
51 input parameters such as event shape and ROE… 
-- BDT1 : Discriminate signals mainly by topological features
-- BDT2 : Improve purity of signals in events with BDT1 >0.9

B+→ K+ ν ν decay @ Belle II
Phys. Rev. Lett. 127, 181802 (2021)
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Dark sector search @ Belle II
In recent years, the possibility that both the DM and the particles mediating its interactions to 
the Standard Model (SM) have a mass of MeV to GeV–scale has gained much attraction. 

• There is a small number of possible portals 
between dark sector and standard model:

1) VECTOR PORTAL (dark photon A’, dark Z’, iDM); 
2) PSEUDO-SCALAR PORTAL (Axion-Like particle); 
3) SCALAR PORTAL (dark scalars, extended Higgs model); 
4) NEUTRINO PORTAL (sterile neutrino)

Belle II has a perfect environment where to search for       
dark matter or mediators :
 Hermetic 4π-detector
 well-known initial conditions
 Minimal background from collision pile-up
 Excellent Particle-ID
 Dedicated triggers for low multiplicity events
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Dark sector search @ Belle II
PRL 124, 141801 (2020)

PRL 125, 161806 (2020)
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Belle II Conference papers in 2020
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Belle II Conference papers in 2021
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Belle II Korean Group
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Belle II Korean Group
• 참여: 9개기관 46명
고려대,경북대,서울대,숭실대,   
연세대,중앙대,전남대,한양대,KISTI

• 한국그룹전체미팅 : 2~3회/년

• Belle II HW/SW contribution :
• ECL Calorimeter Trigger Construction
• CDC Track Trigger Firmware
• SVD Vertex Detector Assembly
• DAQ Slow Control 
• Data Production and Geant4 validation
• Data Handling System using AMGA

K-B2GM
Nov/5-6/2021
전남대주관

+ Zoom connection
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Belle II Korean Group

18 Data analysis talks +
3 Belle II operation talks

Cheolhun Kim (Hanyang)
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Belle II Korean Group

• Belle II 분담금 : ~1억원/년 ; 연구재단해외대형시설활용과제수행
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• Belle II to probe the New Physics with ultimate precision 
of heavy flavor decays, and to search light dark matters 
in GeV range as well.

• ~1 ab-1 Belle II data (comparable to Belle) to be ready in 
2023 and many world-leading physics results available.

• 50 ab-1 design goal to be accomplished by ~2031 after 
modification of  SuperKEKB/Belle II components in LS2 
(around 2026).

Summary
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감사합니다.
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SuperKEKB Long-term Plan

• Intermediate peak luminosity : (1-2 x1035/cm2/sec, 5 ab-1)
• High peak luminosity : (6.5 x 1035/cm2/sec, 50 ab-1) with detector upgrade
• Beam polarization upgrade, advanced R&D
• Ultra high luminosity : (4 x 1036/cm2/sec, 250 ab-1), R&D project

2 steps
+ 

2 steps
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Search for Z’  Invisible

PRL124, 141801 (2020)
Belle II 1st physics paper

e+e- → μ+μ- Z’ ; Z’ → invisible

Lμ - Lτ model* :
• suggest new light gauge boson Z’ only interacting 

with the second and the third generation of leptons;
• would explain (g-2)µ anomaly, b → sµµ anomalies

Experimental procedure :
• Used only 0.276 fb-1 of Phase 2 data
• Looking for a peak in the recoil mass 

distribution against µµ lepton pair
• Nothing else in the rest of the event
• No excess observed; 90% CL upper 

limit on coupling constant g’: 
first result ever

* Shuve et al. (2014), arXiv:1403.2727; Altmannshofer et al. (2016), arXiv: 1609.04026
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Search for Axion-Like Particle (ALP)

PRL 125, 161806 (2020)

• ALPs are pseudo-scalars particles coupled with SM photons.
• Possible dark sector mediator and impact on (g-2)µ if MeV-GeV range

• Used 0.445 fb-1 of Phase 2 data
• Looking for 3-photon final state via ALP-strahlung 
• Search for a bump in recoil and di-photon mass distribution ALP-strahlung

• No excess observed, set 95% CL upper limit on the ALP-photon coupling
• Limit on gaγγ assuming BF(aγγ) = 100%

gaγγ
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