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Luminosity frontier : indirect search

Energy frontier : direct search

New particle
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arXiv:1309.2293

Probing the next scale
• Flavor physics to access higher scales searching for UV extension

•  Indirect search for New Physics (NP) in quantum effect  

• Sensitivity of NP detection up to ~1000 TeV in B0 mixing (ℒ = ℒSM + 1/Λ2𝒪Δ𝐹=2)


(depending on the NP coupling constant)

Name of the game is precision 

Physics Briefing Book, 1910.11775

ΔF=2 cLFV EDMs

High PTLow PT

https://arxiv.org/abs/1309.2293
https://arxiv.org/pdf/1910.11775


Luminosity frontier: SuperKEKB
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Beam current: KEKB x ~1.5

Beam squeeze: KEKB / ~20

Final target : 6 x 1035 cm-2 s-1 


   - x30 Belle luminosity

Integrated luminosity: 50 ab-1

    - x 50 Belle data

Nano beam scheme

Low emittance  
electron gun

Positron dumping ling 
low emittance position Positron source target

Belle II detectore- 7 GeV
e+ 4 GeV

• Asymmetric e+e- collider

• e+e-→ Υ(4S) →BB   
‣ very clean and well-known initial state



The Belle II detector
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Vertex detector (VXD) 
Inner 2 layers: pixel detector (PXD)

Outer 4 layers: strip sensor (SVD)

Central Drift Chamber (CDC) 
He (50%), C2H6 (50%), small 
cells, long lever arm

Particle Identification 
Barrel: Time-Of-Propagation counters 
(TOP)

Forward: Aerogel RICH (ARICH)

ElectroMagnetic Calorimeter (ECL) 
CsI(TI) + waveform sampling


KL/μ detector (KLM) 
Outer barrel: Resistive Plate Counter 
(RPC)

Endcap/inner barrel: Scintillator

e- (7GeV)

e+ (4GeV)

 

• Features:

• Near-hermetic detector

• Vertexing and tracking: σ vertex ~ 15μm, CDC spatial res. 100μm σ(PT)/PT ~ 0.4% 
• Good at measuring neutrals, π0, γ, KL… σ(E)/E ~ 2-4%



Run 1 
2019-2022

Lint = 6.4/fb

Lint = 74/fb

Lint = 213/fb

Lint =430/fb

Lint =764/fb

LS1 
Detector  
upgrade

Run2 
2024-…
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Run status and luminosity
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Projected by SuperKEKB/Belle II

L= 5.2× 1034  cm−2s−1 (World record)  
• Mar. 2026

• ILER = 1.72A, IHER = 1.36A

• β*y= 1mm

LS1 LS2

Data at Υ(4S):  
~700 fb-1 (Belle II) 
<->711 fb-1 (Belle)



Physics program and Belle II China
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Charm physics

B physics

Dark sector

(new in Belle II)

Bottomonium
New hadrons

QCD

Electroweak physics

w/ e- polarization

(under development)

τ physics

李郁博

Belle II上tau-charm物理 展

4月26日  会 II

殷俊昊

Review of bottomonium results on Belle II

4月26日  会 II

LHCb: ~50 papers/year

Belle II China Group: 

• 15 institutes, ~150 members (incl. Postdoc, students)

• Charm, Bottomonium dominate contribution

• B, τ, detector development, etc. is developing 
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(0,0) (0,1)

(ρ,η)

α/𝜙2

β/𝜙1γ/𝜙3
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tb
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Unitarity triangle (UT) test
• Comprehensive test by Belle II

• Measure all sides and angles


• Search NP in mixing (tree, loop) by 
precise measurement of UT

* * * 0ub ud cb cd tb tdV V V V V V+ + =
3 2 31        1l l l l× × ×

V †V = 1
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Complex phase

Belle II  
LHCb



GNN based flavor tagging efficiency 
enhance 18% vs. FBDT:

• Belle II : ( 37.40 ± 0.43 ± 0.36 )%    

• Belle    : ( 30.1 ± 0.4 )%
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𝜙1: Time dependent CPV

B

K+

D0

π-

π-

e-  (7GeV)

e+ (4GeV)
𝐽/𝜓 µ+ 

B0

Ks

π+

µ- 

π-

Δt = Δz / βγc
Δz ~ 140 um

Flavor tagger

TDCPV measurement:

•Precise measurement of Δt 
•B flavor tagger

B0

B0

fCP
Interference

Mixing

t

S : indirect CPV parameter

C : direct CP violation parameter

Belle: βγ=0.43, Δz ~200um 
Belle II: βγ=0.29, Δz ~140um

EPJC 82 (2022) 83

<latexit sha1_base64="K4LIqKYffx8CZ4fd5ULuBtjA+ZA="></latexit>

ACP =
�(B

0
(t) ! fCP )� �(B0(t) ! fCP )

�(B
0
(t) ! fCP ) + �(B0(t) ! fCP )

= Ssin(�mt)� Ccos(�mt)

C=-A

Flavor non-specific 

CP eigenstate

PRD 110 (2024) 012001

https://link.springer.com/article/10.1140/epjc/s10052-022-10180-9
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.012001


𝜙2 measurement (B→π0π0)

Sf =
q
1�Af

2sin(2�2 + 2��2)

<latexit sha1_base64="qPr7DHkcYGQRndFOVXU8ka0FzSA="></latexit>

Interference between 
tree and penguin
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•𝜙2 least known angle of UT, precision~3.7°, determined 
from an isospin analysis

• Measure time integrated ACP and branching fractions 

of all B→ππ (π+π-, π±π0, π0π0), 

• 𝜙2 determination based on B→ππ limited by B→π0π0


• 8-fold ambiguity of 𝜙2  can be reduced to 2-fold with 
TDCPV in B0→π0π0

      

PRD 111 (2025) L071102

�E = E⇤
B � E⇤

beam

<latexit sha1_base64="JaVjFWzrRpEzTtMTEfN+pFQzxpY=">AAACB3icbVDLSgMxFM3UV62vUZeCBIsggmVGCupCKNWCywr2Ae04ZNK0Dc1khiQjlKE7N/6KGxeKuPUX3Pk3Zqaz0NYDIYdz7r3JPV7IqFSW9W3kFhaXllfyq4W19Y3NLXN7pymDSGDSwAELRNtDkjDKSUNRxUg7FAT5HiMtb3SV+K0HIiQN+J0ah8Tx0YDTPsVIack197vXhCkEa/AS1u6P3So8Se/Y00MmBdcsWiUrBZwndkaKIEPdNb+6vQBHPuEKMyRlx7ZC5cRIKIoZmRS6kSQhwiM0IB1NOfKJdOJ0jwk81EoP9gOhD1cwVX93xMiXcux7utJHaihnvUT8z+tEqn/uxJSHkSIcTx/qRwyqACahwB4VBCs21gRhQfVfIR4igbDS0SUh2LMrz5Pmackuly5uy8VKNYsjD/bAATgCNjgDFXAD6qABMHgEz+AVvBlPxovxbnxMS3NG1rML/sD4/AGpIpap</latexit>

B0→π0π0
PRL 65(1991) 3381

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071102
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.65.3381
http://www.apple.com
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.3381
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•Reduces ambiguity in 𝝓𝟐 from 8 to 6 solns

• Improves determination of 𝝓𝟐  from B→ππ by ~40%

•Δ𝜙2 ~2.5°@5-10 ab-1,  ~0.6° @ 50 ab-1 data (current 3.7°)


• B→ππ, B→ρρ isospin analysis and B→ρ(ππ)π Dalitz analysis of 3 
body decays

𝜙2 measurement w/ time-dependent CPV (B→π0π0)
• Novel approach, along with SuperKEKB nano-beam and PXD, enables measurement of CPV 

in in 𝐵 → 𝜋0𝜋0 for the first time.(Would require 20x more data with the conventional approach.)

• Technique requires compact interaction region and excellent vertexing enabled by Belle II PXD 

~1.5 ps resolution



Status of |Vcb| and |Vub|
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Side Observable Dominant uncertainties

|Vcb| Br(b→clν)
Br(B→D(*)lν)

Exclusive: Lattice QCD


Inclusive: experiment vs. 
phenomenology (LQCD)

Br(B→Xclν)

|Vub| Br(b→ulν)
Br(B→π/ρlν)
Br(B→Xulν)

~3σ deviation 

Theory input: Form Factors 
                       (LQCD, LCSR)

Theory input: Shape func., Fermi motion 
                       (OPE)

Exclusive:

Inclusive:

Side Exclusive (x10-3) Inclusive (x10-3) Differenc
e

|Vcb| 40.2 ± 0.6(D*lv, BGL form factor) 

38.9 ± 0.7(Dlv, BGL form factor)

41.97 ± 0.48 (kinetic 
scheme)


MX+El+q2 moments
2.3σ, 3.6σ

|Vub| 3.75 ± 0.06 ± 0.19

(πlv, BCL form factor + LQCD)

4.06 ± 0.12 ± 0.11

GGOU kinetic scheme 1.2σ



Measurement of |Vub| with b→ulv 
• Untagged simultaneous measurement of B0→π-lv, B+→ρ0lv

• Simultaneous 3D fit in ΔE, Mbc, and q2

PRD 111 112009 (2025)
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Belle, PRL 131, 211801 (2023)

• Simultaneous measurement of B0→π-lv, B+→Xulv

https://journals.aps.org/prd/pdf/10.1103/jnwn-ts6q


Measurement of |Vub| with B→Xulv 
• Reconstruction: Combined signal lepton on the signal side 

with fully reconstructed hadronic B on tag side 
• Large backgrounds from dominant decays B → Xcℓν 
• Determine from the measured partial |Vub| branching 

fractions in the 3 different phase space regions:
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PRD 113 032004 (2026)

• Nominal result:  El >1 GeV with GGOU,  

• covering 87% of phase space

• Dominant systematics

https://journals.aps.org/prd/abstract/10.1103/59ws-zxbt


Br(B→µν) result with inclusive tag

14Br(B→µν)  = (4.4 ± 1.9 (stat) ± 1.0 (syst)) x 10-7

• Belle&Belle II Br(B→µν) measurement w/ inclusive tagging @ 1076 fb-1

• Theoretical clean 

• Rare decay

• Sensitive to new physics, e.g. charged Higgs

2.4σ over background-only hypothesis 
Most precise measurement to date

arXiv:2602.09800

Compatible with both inclusive and exclusive determinations

Determination of exclusive |Vub| 

B→µν

B → Xuℓν

https://arxiv.org/pdf/2602.09800


Measurement of B→D(*)lν for |Vcb|
• |Vcb|B→D*lν precision ~2.5% limited by systematics: low momentum pion~1.5%, f+-/f00 ~1.3% 

• LQCD used only for normalization at zero recoil (w=1)
|Vcb|CLN = (40.13 ± 0.27 ± 0.93 ± 0.58) x 10-3

|Vcb|BGL = (40.57 ± 0.31 ± 0.95 ± 0.58) x 10-3

w = 1

w = 1.5

PRD 112 112009 (2025)
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• BGL: Boyd, Grinstein, Lebed, PRD56(1997)6895

• CLN: Caprini, Lellouch, Neubert, Nucl. Phys. B530(1998) 153

PRD 108 092013 (2023)

• Most precise |Vcb|B→Dlν consistent with excl. WA

• |Vcb|B→Dlν precision ~2.2% 

• One form factor better consistency with LQCD 

https://journals.aps.org/prd/pdf/10.1103/vs8k-259v
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.092013
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PRELIMINARY

σ3

LHCb22LHCb23

Belle17

Belle19

Belle15
BaBar12

Average

PRD 94 (2016) 094008
PRD 95 (2017) 115008
JHEP 1712 (2017) 060
PLB 795 (2019) 386
PRL 123 (2019) 091801
EPJC 80 (2020) 2, 74
PRD 105 (2022) 034503

HFLAV

2021

HFLAV
Prelim. 2023

Test of lepton flavor universality
R(D* ) =

Br(B
0
→D*+τ −ντ )

Br(B
0
→D*+ℓ−ντ )

W’

c

d

τ -

ντ W-

D*+
b

d
B0

• Sensitivities to high energy scale; ~10 TeV  
[Belle II phys. book]

• Heavy vector bosons

• Leptoquark

e

µ

τ

-
χ∼

τ µ

iν
∼

jν
∼

γ

(b)

Br(τ → µγ ) = Ο(10−9 )

Lepton Flavor Violation 
(LFV): off diagonal term 

g-2, EDM: 

diagonal elements

LFUV: 

Relation among 
diagonal elements

https://arxiv.org/abs/1808.10567


Results LFU test from Belle II
• Belle II three R(D(*)) measurements


• Hadronic tag with FEI

• Semileptonic tag with FEI


• Leptonic τ decays

• Still statistical limited 

• Belle II R(D(*)) result with had. tag 


Rτ/l (D) = 0.439 ± 0.055 (stat) ± 0.045 (syst)


Rτ/l (D*) = 0.242 ± 0.019 (stat) ± 0.016 (syst)


• Similarly sensitivity as Belle 15’ result @ 
711 fb-1  with only 365 fb-1


• Thanks for higher tagging eff. and 
optimized selections


• Performed the first Rτ/l (Xc) measurement at 
Belle II

Rτ/l(Xc)

R(D*) 
PRD 110 072020

World Avg.

Semilep. tag.
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Prelim. CKM2025

HFLAV
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Standard Model prediction Experimental average results

3.8σ deviation 

“B anomaly” in semileptonic decays 2026

18

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*) 68% CL contoursBaBar (PRL 109, 101802)
Belle (PRL 124, 161803)

 (PRL 131, 111802)aLHCb
 (PRD 108, 012018)bLHCb

-1Belle II had. tag with 365 fb
-1Belle II had. tag projection 2.5 ab

Average (CKM 2025)

 0.004±R(D) = 0.296 

 0.005±R(D*) = 0.254 

HFLAV SM Prediction

2.5 ab-1 w/ had. tag

Own plot generated based on HFLAV 
and Belle II projections 

Own plot 



19

• This method only sensitive to high pT region of K+

• New physics: leptoquark, light dark matter, etc.

• Re-interpretation of data provides constraints on 

WET Wilson coefficients |𝐶VL + 𝐶VR|, |𝐶SL + 𝐶SR| and 
|𝐶TL |  

PRD 112 (2025) 092016 


• Extended analysis in preparation 𝐵0→ 𝐾s𝜈𝜈, 𝐵0 → 
𝐾*0𝜈𝜈, 𝐵+→ 𝐾*+𝜈𝜈 (stay tuned)

Evidence of B±→K±νν
Br(B+ ! K+⌫⌫̄)SM = (4.6± 0.5)⇥ 10�6

<latexit sha1_base64="GT3BN/MtSkL056jRBhZ/n8mLvw4="></latexit>

SM prediction:•Search for flavor-changing neutral current	 

•A channel unique to Belle II  

•b→sνν contain the same new physics of b→sl+l-

•b→sνν is theoretically clean than b→sl+l- 

3.5 σ wrt null
2.7 σ wrt SM

PRD 119 (2024)  112006

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.112006


LFU and LFV in b→sl’ 
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• Can occur in the SM via mixing but highly suppressed due to 
neutrino mass 


• Merge Belle and Belle II samples because of the similar purity 
and same resolution


• First search for decay B→Ksτ±l∓

• Results are among the most stringent limits for 𝚋 → 𝚜τℓ 

transitions to date



Date
0

1

2

3

4

5

6

7]
-1 s

-2
cm

35
10×

Pe
ak

 lu
m

in
os

ity
 [

Jan 2024 Jan 2029 Jan 2034 Jan 2039
0

10

20

30

40

50

60

70 ]
-1

In
te

gr
at

ed
 lu

m
in

os
ity

 (d
el

iv
er

ed
) [

abPeak luminosity

(delivered)Integrated luminosity 

w/ QCS upgrade
in LS2

w/o QCS upgrade
in LS2[ ]

w/ QCS upgrade
in LS2

w/o QCS upgrade
in LS2[ ]

Projected by SuperKEKB/Belle II

LS1 LS2

R(
D

( *)
)

Expected sensitivities at Belle II
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Summary and prospects
•Many challenges at SuperKEKB as it is the luminosity frontier machine, We 

have overcome them one-by-one through new ideas and technologies.

•Thanks to detector performance and improved analysis methods, we are 

already producing competitive physics results.

•LS2 upgraded

•SuperKEKB 

•Extended collision energy: 11.24 →up to 11.6 GeV

•RF system, HER current limit: 2.0 →2.6 A (design)

•QCS: much simpler optics, expand the dynamic aperture


•Belle II

•New VTX (5 layers of CMOS pixel detector)

•New CMOS strip layers + LGAD timing layer

•New Draft Chamber with improved tolerance

•FEE upgrads, AI-based trigger


