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Project Overview
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Belle II detector:
General purpose spectrometer for collider 
experiment with excellent vertex 
resolution and particle identification 
capability.

The main target:
Searches for NP through quantum 
effects in b, c, and t decays.

Unique studies:
Searches for Dark Sector particles 
in clean 𝑒+𝑒− collisions
Studies of exotic hadrons

3km circumference

600 m long

SuperKEKB collider:
Largest scale 𝒆+𝒆− collider in the world

7 GeV𝑒− × 4 GeV𝑒+, 𝑠 = 𝑀Υ(4𝑆)

World highest luminosity machine
𝐿 ∼ 4.7 × 1034 cm−2s−1 (now)
𝐿 ∼ 6 × 1035 cm−2s−1 (target)



Belle II detector

KL and muon detector (KLM):
US, Russia, Italy, China, …

Particle Identification (PID): 
[TOP] JPN (Nagoya), US, Italy, Slovenia, …
[ARICH] KEK, Slovenia, JPN (Tokyo Metropolitan, 
Niigata), …

Main Tracker, Central Drift 
Chamber (CDC): 
KEK, NPC, …

Electromagnetic Calorimeter (ECL):
Russia, Canada, Italy, JPN (Nara), …

Vertex Detectors (VXD):
[PXD] Germany, Czechia, Spain, …
[SVD] KEK, Italy, JPN (IPMU), India, Austria, France, 
Australia, Korea, …

Machine-Detector-Interface,
Trigger and Data acquisition,
Software, Computing,
Detector Structure and services

3



27 countries/regions
124 institutions
>1100 researchers
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Univ. of Mississippi(UM)
Univ. of Pittsburgh
Univ. of South Alabama
Univ. of South Carolina
University of Cincinnati
University of Louisville
Virginia Polytechnic Institute and State Univ.(Virginia Tech)
Wayne State Univ.

Brookhaven National Laboratory
Carnegie Mellon Univ.(CMU)
Duke University
Indiana Univ.
Iowa State University
Kennesaw State University
Luther College
Pacific Northwest National 
Laboratory
Univ. of Florida
Univ. of Hawaii

122 researchers from 18 institutions in US



• QCS corrector 

magnets by BNL

SuperKEKB

• Single stretched wire system to measure the field 

center and angle of Q magnets by FNAL

• Quadrupole field vibration measurement 

system with BNL

• Dithering feedback systems with SLAC

• Large angle beamstrahlung monitor with Wayne

• X-ray beam size 

monitor with 

SLAC and Hawaii
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g • Digital IP feedback system with SLAC

• Polarized electron source with BNL, JLab

• Spin rotator for polarized beam with BNL

• TOP counter quartz bar 

from US

• TOP front-end 

electronics by Hawaii

• Barrel KLM scintillator module by Virginia Tech

(Scintillator by FNAL)

• KLM readout by Hawaii

• Beam background study and mitigation

• Raw data center at BNL

• TOP/KLM operation

• TOP L1 trigger with Pittsburgh, Hawaii

• New readout ASIC for detector upgrade by Hawaii

Belle II

US contributions
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non-exhaustive



Operation Status
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Twice better luminosity than KEKB
with similar power consumption.

Integrated luminosity reached ~430/fb 
much quicker than KEKB/Belle

Exploring uncharted territory
… and we want more!

𝐿 ∼ 4.7 × 1034 cm−2s−1 (w.r.)



LER wiggler section
-> NLC (skew-sextupole
+ collimator)

Works during LS1
Operation stopped in summer 2022 for a long 
shutdown

• [main purpose] Install a 2-layered pixel vertex 
detector (PXD) with a new IP beam pipe

• Other improvements in detector
• Replace aged photomultipliers for barrel PID 

(TOP)
• Complete transition to the new DAQ system 

(PCIe40), improved data-quality monitoring and 
alarm system.

• Improvement in central drift chamber, KL and 
muon detector

• Additional shielding, …

• Improvements in accelerator
• Non-Linear Collimator
• Cu-coated collimator head
• Aperture-widened injection section
• More monitors

Plan to resume operation from the next winter
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current VXD (with PXD1)

TOP PMT replacement

15 Mar, 2023

PXD2
Safely arrived at KEK on 
Mar. 16, 2023



Physics data analyses
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submitted to PRL in 2022

Z’ in Lm-Lt model (79.7fb-1)

Phys. Rev. Lett. 125, 161806 (2020)

ALP (0.4fb-1)

Phys. Rev. Lett. 130, 071804 (2023)

Darkhiggsstrahlung (8.34fb-1)

Phys. Rev. Lett. 127, 211801 (2021)
Phys. Rev. Lett. 130, 071802 (2023)
Phys. Rev. D 107, L031103 (2023)

Ωc lifetime

D0 Lifetime 

D+ Lifetime 

World leading charm lifetime 
measurement with excellent vertex 
resolution

L1 trigger compatible with Dark sector searches.
Setting new exclusion regions

Belle II data is not a tiny addition to Belle. Good detector 
and good analysis method give a significant improvement

Belle 711fb−1

Dp+

DK+ Dp+

Belle II 128fb−1

𝜙3 = 78.3 ± 11.4 ± 0.5 ± 1.0 ∘ (was ±15∘)

Visit Moriond EW for the latest results.
Papers are coming out overcoming the 
“author list crisis”.

A. Ishikawa @KEK RPC

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.071804


Muon g-2 puzzle
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Belle II target (0.5%)

Belle wasn’t in the game, but Belle II will.
𝑒+𝑒− → 𝜋+𝜋− 𝛾 , 𝜋+𝜋−𝜋0 𝛾 for HVP
and 𝛾𝛾∗ → 𝜋0 for HLbL

CMD-3 arXiv:2302.08834

Important to understand the SM corrections 
by Lattice QCD and by data-driven way

Y. Sue (Nagoya) @KEK-FF 2023



Longer-term
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LS1

LS2

Other Upgrade Item:
- Polarized electron beam (polarized source, spin rotator)

N. Ohuchi

Need one more upgrade to bring up the luminosity to ~6e35 
Ideas, R&Ds welcome
-> International Task Force (contact me or the chair: Y. Ohnishi)

Most likely there will be an upgrade of 
interaction region (QCS, VXD, …)
- Thin superconducting magnets (anti-

solenoid, Quadrupole) to be placed very 
close to the interaction point -> Nb3Sn

- Compact Vertex Detector (including service)
- A new Remote Vacuum Connection system



Challenges in L1 trigger
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Keep high efficiency even for low multiplicity events (originally not in the design), 

while keeping the latency (5us) and the allowed rate (30kHz@max.)

CDCTRG

track

ECLTRG

cluster

KLMTRG

sector Signal/BG

classifier

Neural network

~200ns latency

Put all the sub-trigger info into NN

Current Upgrade

Tau 1-1 prong signal 50% 97%

Background rejection 60% 60%

preliminary

This upgrade keeps the window open for:

- tau LFV, LFU, EDM with 1-prong decays

- Search for dark photon(e+e₋→γX), ALP 

(e+e₋→γa, a→γγ), long lived particles, ...

- hadronic vacuum polarization (e+e₋→π+π-γ) to 

understand muon g-2 puzzleNeed more R&Ds



and in computing
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T. Hara@ATCF6 Belle II prospect is compatible with the network upgrade plans

US Belle II in computing: 

• One of raw data centers

• Prompt calibration center

• Rucio, distributed data management system

• Resources for production, processing and analysis



Possible evidences and observations
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R(D*) VS R(D)

Re(C7’)

f3

Belle (1ab-1)

5s Observation

3s Evidence

B→tn

B→Knn

DACP
S(h’Ks)

90%upper limit
Dark scalar

Dark Photon

t→mg

B→mn

S(rg)

S(K*g)

IKp

S(fKs)

Im(dt)

Lm-Lt

There may be new findings even with small amount of data



Summary

• SuperKEKB and Belle II have started operation, 
regularly updating the world record luminosity. 
Although the integrated luminosity is still smaller 
than Belle, physics sensitivities are already 
competitive with Belle and other experiments.

• Currently in LS1 to upgrade BP, PXD, collimators, … 
Plan to resume from the next winter.

• Upgrade foreseen in the accelerator (especially in 
the final focusing system) and in the detector. 
Collaboration in R&D very welcome.

• Looking forward to reporting new findings.

Tsukuba hall is good to visit especially in this season.
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backup
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Policy statement:

https://confluence.desy.de/display/BI/Messages+from+Management?preview=/246222204/280861236/Belle%20II%20Response%20to%20the%20Ongoing%20R

ussian%20Invasion%20of%20Ukraine-Revised13Oct2022-endorsed20Oct2022.pdf

Example from Belle



Future programs (2) -- Chiral Belle
• Upgrade of SuperKEKB with polarized electron beams 

(70±0.5%@IP)
• for precision Neutral Current EW physics.

• World’s most precise sin2qW (s~0.02% w/ 20/ab) and probe its 
running

• Unprecedented clean NC universality studies for e, m, t, c and b.

• NP searches: Sensitive to >TeV Z’ and dark sector P-violating Z’D
below MZ

• and other programs:
• Tau physics (tau EDM, (g-2)t, t-LFV)

• Dynamical mass generation in QCD via polarized L or a 
hadron pair 
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Scenarios with dark Z bosons for mZd of 

(a) 50 MeV, (b,c) 15 GeV (where area (c) 

is in tension with existing constraints)

See Phys. Rev. D 92, no. 5, 055005 (2015)

Y. Ushiroda @KEK SAC 2021

F. Forti @BPAC 2023



Belle II observables and models

Observables
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SCP(B→h’K0) ★ ★ ★ ★ ★ ★ ★★ × ？ ×

SCP(B→K*0g) ★★★ ★★★ ★★★ ★ ★ ★ ★★ ★ ★★★ ×

SCP(B→rr) × × × ★★★ ★ ★★★ ？ ？ ？ ×

IKp × ★ × ★★★ ★ ★★★ ？ × ？ ×

R(D(*)tn) ★★ × × × × × ★ ★★★ ★ ★

RK(*) × × × ★★ × ★★ × ★★★ ★★ ×

B(B→Xsl+l-) × × ★★★ ★★ × ★★ × ★★★ ★★ ×

B(B→Xsg) ★★★ ★★★ ★★★ ★ ★★ × ★ ★ ★★★ ×

DACP(B→Xsg) ★★★ ★★★ × ★ ★ ★ ★★ ★ ★ ×

B(t→mg) ★ ★★★ ★ ★ ★ ★ × ★ ★★★ ？

B(t→mmm) ★ × × ★★★ ★★★ ★★★ × × ★★★ ？

Dark photon ★ × ？ ★ × ★ × × × ★★★

Combination of different observables helps discriminating the NP models.

18A. Ishikawa @KEK RPC



Dark Sector : Z’ in Lm-Lt model 

• At Belle, this analysis was not easy due to limited trigger acceptance

• First search for invisible decays of Z’ in Lm-Lt model with Phase 2 data of 
276pb-1 in 2020
– The first physics paper from Belle II

• Update in 2022 with 300 times larger data of 79.7fb-1

– Parameter space explaining muon g-2 can be excluded.

19
Phys. Rev. Lett. 124, 141801 (2020)

276pb-1

submitted to PRL in 2022

79.7fb-1

x300

World leading
A. Ishikawa @KEK RPC



Dark Sector : Axion Like Particles

• Axion Like Particles 

– Emerge from
• New global symmetry breaking

• String compactification

– Unlike the QCD axion, there is no relation between mass and decay constant → could 
exist anywhere!

• Search for ALPs with photon coupling with phase 2 data of 445pb-1

– The second physics paper

– e+e-
→ag, a→gg

– New limit can be set around ma=500MeV

20
Phys. Rev. Lett. 125, 161806 (2020)

445pb-1

World leading
A. Ishikawa @KEK RPC



Dark Sector : Dark Higgsstralung
• Dark photon might acquire mass from dark Higgs

– If h’ is lighter than A’, h’ is long-lived (invisible)

• KLOE did the search but only low mass region

• First search for higher mass h’
– Ee→A’h’, A’→mm

– Invariant and recoil mass

– Strong limit on the cross section

21

Search 
region

8.34fb-1

Phys. Rev. Lett. 130, 071804 (2023)

World leading
A. Ishikawa @KEK RPC

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.071804


Dark Sector in t decays

• Search for t lepton decaying to lepton and 
invisible particles a with 62.8fb-1

– t+
→e+a, m+a

• Long lived ALPs, etc contribute the decays.

• The analysis was not done in Belle nor BaBar.

• New since ARGUS results in 1995.

• The improvement is from 2-fold to 14-fold 
dependent on the mass of a

22

Submitted to Physical Review Letters
arXiv:2212.03634

World leading
A. Ishikawa @KEK RPC



B+
→K+nn

• Deficits of BF of b→sl+l- decays were observed.

• Important to check weak isospin counter decays B+
→K+

nn

– Tagging of the other B is required due to multiple neutrinos in the final state

• With improved vertex resolution and new inclusive tagging method, B+
→K+

nn is 
searched for with 63fb-1 data

• Only with 9% data of Belle II, the result is comparable with Belle hadronic analysis

23Phys. Rev. Lett. 127, 181802 (2021)

A. Ishikawa @KEK RPC



Charmed Hadron Lifetime
• Hard to perform at Belle due to limited knowledge of 

vertex detector alignment 

• Last measurements for D0 and D+ were by FOCUS

• World’s best charmed hadron lifetime
– D0, D+, Lc, Wc

– Confirmed Wc lifetime is not the shortest lifetime

• Belle II results are better than PDF averages

24

D0

Propertime distribution

D+

Phys. Rev. Lett. 127, 211801 (2021)
Phys. Rev. Lett. 130, 071802 (2023)
Phys. Rev. D 107, L031103 (2023)

Mass 

D0 Lifetime 

Ωc lifetime

D+ Lifetime 

World leading
A. Ishikawa @KEK RPC



SuperKEKB “nano-beam” scheme
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Larger number = 
Higher current

Higher density = 
smaller size at IP

Side view

Top view

𝜎𝑦

electrons positrons

Idea by Dr. P. Raimondi for INFN SuperB

• Low emittance
• Squeeze vertical beam size to the size of virus (𝜎 ∼ 50 nm) @IP.
• Large crossing angle to avoid unwanted overlap of beams. Beams will 

collide only at the most squeezed part.
Principle verified, practically functioning well.

To get high luminosity:



Project Development
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1994 … 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

KEKB/Belle (1994-2010)
Construction 1994-1999
Experiment 1999-2010
Proof of KM theory
Still active

SuperKEKB/Belle II

Construction

Phase 3
Physics Runs

Planning, Design

Inauguration of Belle II 
collaboration (2008)

LS1
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