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Higgs properties 
and fundamental 

interactions at 
high precision

Cosmology and 
the dark sector of 

the universe

Searches for new 
particles and 
phenomena

PoF V Subtopic Structure and Science Drivers
Our science drivers address the big questions of nature: Understanding the quantum universe

Fundamental curiosity-driven science 
• Development of cutting-edge technologies (detectors, computing, accelerators, lasers, …)

• Very attractive for young high-potentials

• High potential for disruptive technology development important for society, e.g. WWW, imaging 

technologies, cloud computing, …

Pushing the limits of our 
understanding of fundamental 
interactions 
• Strong-field QED

• Strong interactions, QCD

• Lattice QCD

• g-2

The origin of mass, the flavour 
puzzle, and the imbalance 
between matter and anti-matter
• Higgs boson 

• Top and B physics

• Charge-parity violation

• Lepton flavour universality

The evolution of the early 
universe and the nature of the 
dark sector
• Cosmology

• Axions, ALPs

• Gravitational waves

• Dark matter
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Targeting unique to Belle II measurements 
Belle II provides unique sensitivity to NP couplings to the 3rd generation

b → sνν 
b → sγ  

τ mass, lifetime, BR, 
etc

B, τ 

CKM 
α, β, Vus, Vub

Rare decays Lepton flavour 

universality

C
P violation

Except β, all other measurements cannot be done at LHCb
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Pushing the limits of our 
understanding of fundamental 
interactions 
• Strong-field QED

• Strong interactions, QCD

• Lattice QCD

• g-2

The origin of mass, the flavour 
puzzle, and the imbalance 
between matter and anti-matter
• Higgs boson 

• Top and B physics

• Charge-parity violation

• Lepton flavour universality

The evolution of the early 
universe and the nature of the 
dark sector
• Cosmology
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• Gravitational waves

• Dark matter

Top, bottom, τ physics 
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Belle II

Belle II collected  data, as much as the first generation B-factories  

• Slower than expected data accumulation at SuperKEKB

575 fb−1

Achieved a new world record peak luminosity  

 on December 27, 2024 

• Target luminosity:  

5.1 × 1034cm−2s−1

6 × 1035cm−2s−1

To achieve the ambitious Belle II program higher 
luminosity is required 

• To reach instantaneous luminosities beyond 
 a redesign of IP and new vertex 

detector is planned 

• For next POF period projections: 

2 × 1035cm−2s−1

5 − 10ab−1

I   N   T   E   R   N   A   L
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Rare decays:  b − > sνν
Based on Snowmass studies for : 

•  is sufficient to establish the process (assuming SM) 

•  is needed to match SM theory accuracy 

• Complement  with 

B+ → K+νν

5ab−1

50ab−1

B+ → K+νν B → K0
Sνν, K*0νν, K*+νν

b → sνν
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Inclusive B → Xs𝛾 Decays 

Rare decay: 

• Flavour changing neutral current (FCNC) 

• Suppressed in the SM ⇒ Enhanced sensitivity to new 

physics  

• In addition to the branching fraction, what is interesting to 
measure?  

• Decay rate and CP asymmetries sensitive probes of  BSM 
physics via electroweak penguin loop

• Shape of photon energy spectrum sensitive to 

• Relates to inclusive measurements of 

ℬ(B → Xsγ) = (3.49 ± 0.19) × 10−4

mb

|Vub |

Motivation

2

● b→s 𝛾 is a flavor changing neutral current (FCNC) with a 
world-average branching fraction of (3.49±0.19) x 10-4

○ Dominated by penguin process
● Suppressed in the SM ⇒ Enhanced sensitivity to new physics
● In addition to the branching fraction, what is interesting to measure?

○ CP asymmetry, ACP, and CP asymmetry difference, ΔACP
○ Isospin asymmetry, Δ0-: sensitive to long-distance contributions
○ Photon energy spectrum, E𝛾

B: sensitive to the non-perturbative 
component of the process (shape function) and b-quark mass

● Note: in inclusive measurements, b→s 𝛾 cannot be experimentally 
differentiated from b→d 𝛾 

b → sγ  

For hadronic tag
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CKM precision measurement

: from decay-time-dependent CP analyses of  decays

• With 5/ab of data, statistical precision on beta is expected to be 
competitive with LHCb with 50/fb of data 

• Both LHCb and Belle II analyses will be systematics-limited and will 
require improvement  

• PXD fundamental in controlling resolution function systematics 

: from analysis of ,  ,  decays 

•  is the least well known CKM angle so far 

•  Belle II will lead the precision 

: exclusive and inclusive from  decays 

• The value of  from  decays high (Cabibbo angle anomaly) 

• As a  factory, Belle II is uniquely placed to address this issue

β B → J/ψK0

α B → ρρ B → ππ B → ρπ

α

Vus τ

Vus τ

τ

B → J/ψK0
S B → J/ψK0

LCKM 
α, β, Vus
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Lepton flavour universality with -lepton decaysτ

The  mass, lifetime and  

• The most precise τ mass measurement so far from Belle II  

 

• Ongoing studies show that further reduction of systematic 
uncertainty is possible 

• Ongoing studies show a significant improvement in the τ lifetime 
and leptonic branching fraction precisions 

• PXD is pivotal for the lifetime measurement 

• The absolute branching fractions  and 
 have not been measured at B-factories 

τ ℬ(τ → ℓνℓντ)

mτ = 1777.09 ± 0.14 MeV/c2

ℬ(τ → eνeντ)
ℬ(τ → μνμντ)

1776 1776.5 1777
]2c [MeV/τm

BES (1996)
-0.17
+0.25  -0.21

+0.181776.96  

BELLE (2007)
 0.35± 0.13 ±1776.61 

KEDR (2007)
 0.15± -0.23

+0.251776.81  

BaBar (2009)
 0.41± 0.12 ±1776.68 

BES III (2014)
-0.13
+0.10 0.12  ±1776.91 

Belle II (2023)
 0.11± 0.08 ±1777.09 

PDG Average (2022)
 0.12±1776.86 
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Figure 1: Comparison of the measured tau leptonic branching fraction and
lifetime with the SM prediction, using Belle II expectations for 10 ab�1, averaged
with other measurements from the PDG [5]. Here, B0 is the average of the
direct B(⌧ ! e⌫e⌫⌧ ) measurement with B(⌧ ! µ⌫µ⌫⌧ ) assuming electron and
muon have similar weak couplings. The latest HFLAV results [3] as well as the
projections of FCCee are also shown.

3

τ mass, 
lifetime, BR
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Test of lepton flavour universality in  decaysτ

 universality 

• Most precise test from π decays 

• Followed by τ decays  

• Belle II has the most precise single measurement  in  decays 

 universality 

• An order of magnitude more precise measurements from τ decays (BaBar) than 
from  decays 

 universality 

•  decays have the best precision

μ − e

τ

τ − e

W

τ − μ

τ/μ

The coupling of leptons to W bosons is flavour-independent
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Figure 6. Observed momentum distribution for muon (left) and electron (right) candidates with
fit results overlaid. The lower panel shows the ratio between data and fit results. The hatched area
indicates the possible variation of the fitted yields due to systematic e↵ects, with the constraints of
the nuisance parameters reduced to their fit uncertainties and correlations taken into account.
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Figure 7. Determinations of Rµ (left) and |gµ/ge|⌧ (right) from previous individual measure-
ments [11, 12] and the fit from the Heavy Flavor Averaging Group [15], compared with the result of
this work. The shaded areas represent the statistical uncertainties, while the error bars indicate the
total uncertainties. The vertical dashed line indicates the SM prediction, including mass e↵ects.

7 Summary

We report a test of light-lepton universality in leptonic ⌧ decays using a 362±2 fb�1 sample of

data collected by the Belle II detector at the SuperKEKB e+e� collider at a centre-of-mass

energy of 10.58GeV. Our result is currently the world’s most precise test of light-lepton

universality in ⌧ decays performed by a single experiment and is consistent with the SM.

– 15 –

ge = gμ = gτ

Belle II prospects: 

• Require measurements of absolute branching 
fractions:  

• Initial studies show promising results for 
hadronic and leptonic branching fraction 
measurements

τ → e, μ, π, K

τ mass, 
lifetime, BR
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Summary
Belle II provides unique sensitivity to NP couplings to the 3rd generationPoF V Subtopic Structure and Science Drivers

Our science drivers address the big questions of nature: Understanding the quantum universe

Fundamental curiosity-driven science 
• Development of cutting-edge technologies (detectors, computing, accelerators, lasers, …)

• Very attractive for young high-potentials

• High potential for disruptive technology development important for society, e.g. WWW, imaging 

technologies, cloud computing, …

Pushing the limits of our 
understanding of fundamental 
interactions 
• Strong-field QED

• Strong interactions, QCD

• Lattice QCD

• g-2

The origin of mass, the flavour 
puzzle, and the imbalance 
between matter and anti-matter
• Higgs boson 

• Top and B physics

• Charge-parity violation

• Lepton flavour universality

The evolution of the early 
universe and the nature of the 
dark sector
• Cosmology

• Axions, ALPs

• Gravitational waves

• Dark matter

Top, bottom, τ physics 
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