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Asymmetric 𝒆+𝒆− B Factories: Concept 
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Advantages of an 𝒆+𝒆− flavor factory
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Excellent Results by Belle and BaBar 
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Belle和Belle II实验上强子的相关研究

SuperKEKB and Belle II
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𝐬 ~ 10.58 GeV

The target peak luminosity is much 
larger by squeezing beam sizes and 
enlarge beam currents.

Nano-beam design:



Belle and Belle II Datasets

• Belle (1999 - 2010)
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We have recorded >900/fb luminosity 



Belle II Collaboration

28 Institutes ~1200 members
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Belle II physics
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The Belle II Physics Book: 
[PTEP 2019 (2019) 12, 123C01]

Primarily a B factory; But not only B physics!
● Also tau, charm factories
● Clean background for spectroscopy and searching for dark 
sector
Various type of analyses:
● Lifetime, time-dependent  measurement
● well-suited for decays with missing energy and missing mass

Belle II Physics Book, PTEP 2019, 123C01 



Recent B results
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Observation of the decay 𝑩 → 𝜮𝒄 𝟐𝟒𝟓𝟓 ഥ𝜩𝒄  
PRD 112, L051101 (2025) 

 The tree-level two-body baryonic 𝐵 decays can proceed through 𝑊-exchange (𝑊ex), 𝑊-annihilation (𝑊an), and 

internal 𝑊-emission (𝑊em) diagrams.

𝑊ex and 𝑊an: helicity suppressed 𝑊em: nonfactorizable amplitude

 The decays 𝐵 → 𝛴𝑐 2455 ത𝛯𝑐 proceed through a pure 𝑊em diagram, providing a clean and ideal environment for 

studying nonfactorizable effects.

 The QCD sum rule predicts ℬ 𝐵 → 𝛴𝑐 2455 ത𝛯𝑐 ~4 × 10−3 

[NPB 345 137 (1990)], while the diquark model 

estimates ℬ 𝐵 → 𝛴𝑐 2455 ത𝛯𝑐 to be 30% – 70% of ℬሺ
ሻ

𝐵 →
Λ𝑐

ത𝛯𝑐 ~10−3 [ZPC 51 445 (1991)].

𝛴𝑐 2455 : a sextet of flavor-symmetric states;   ത𝛯𝑐: an antitriplet of flavor-antisymmetric states
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 We report the first observation of the decays 𝐵+ → 𝛴𝑐 2455 ++ ത𝛯𝑐
− and 𝐵0 → 𝛴𝑐 2455 0 ത𝛯𝑐

0, using the 772 ×
106 and 387 × 106 Υሺ4𝑆ሻ events collected by Belle and Belle II, respectively. 

 We perform a 2D fit to the unbinned 𝑀ሺΛ𝑐
+𝜋±ሻ and Δ𝐸 distributions, simultaneously using four data sets: events 

from the signal and sideband regions of 𝑀ሺ ത𝛯𝑐
−,0ሻ. ℬ 𝐵+ → 𝛴𝑐 2455 ++ ത𝛯𝑐

−

= 5.74 ± 1.11 ± 0.42−1.53
+2.47 × 10−4 

ℬ 𝐵0 → 𝛴𝑐 2455 0 ത𝛯𝑐
0

= 4.83 ± 1.12 ± 0.37−0.60
+0.72 × 10−4

𝟕. 𝟑 𝝈

𝟔. 𝟐 𝝈

➢ ℬሺ𝐵 → 𝛴𝑐 2455 ത𝛯𝑐ሻ are larger than those of 𝐵+ → തΣ𝑐 2455 0𝑝
and 𝐵0 → തΣ𝑐 2455 −𝑝:

• Similar size of CKM matrix elements:  𝑉𝑏𝑐 ∗ 𝑉𝑐𝑠~𝑉𝑏𝑐 ∗ 𝑉𝑢𝑑

• Smaller phase-space

➢ One possible mechanism is that hard gluons are not 

necessarily required for double-charm decays. 

[Int. J. Mod. Phys. A 21(2006) 4209]

PRD 112, L051101 (2025) 

𝐵+

𝐵0

Observation of the decay 𝑩 → 𝜮𝒄 𝟐𝟒𝟓𝟓 ഥ𝜩𝒄  
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Observation of the decay 𝑩 → 𝜮𝒄ሺ𝟐𝟒𝟓𝟓ሻഥ𝜩𝒄
′  

 The decay 𝐵 → 𝛴𝑐ሺ2455ሻ ത𝛯𝑐
′ proceeds through the same type of diagram as 𝐵 → 𝛴𝑐ሺ2455ሻ ത𝛯𝑐 and are 

therefore expected to have a branching fraction of similar magnitude.

internal 𝑾-boson emission
nonfactorizable amplitude 

 A comparison between ℬሺ𝐵 → 𝛴𝑐ሺ2455ሻ ത𝛯𝑐
′ሻ and ℬሺ𝐵 →

𝛴𝑐ሺ2455ሻ ത𝛯𝑐ሻ  could provide insight into the underlying 

dynamics of 𝐵 decays to charmed baryon pairs belonging to 

different SU(3)-flavor multiplets.

 Using 772 × 106 and 521 × 106 Υሺ4Sሻ events collected by 

Belle and Belle II detector, we present the first search for the 

decays 𝐵+ → 𝛴𝑐 2455 ++ ത𝛯𝑐
′− and 𝐵0 → 𝛴𝑐 2455 0 ത𝛯𝑐

′0.

 This is the first search for 𝐵-meson decays into a pair of charmed baryon-antibaryon states, each 

belonging to the SU(3)-flavor sextet.

arXiv:2606.12905

12



Observation of the decay 𝑩 → 𝜮𝒄ሺ𝟐𝟒𝟓𝟓ሻഥ𝜩𝒄
′  

 To extract the signal yields, we perform a simultaneous unbinned maximum-likelihood fit to the ΔE distributions 

in the signal and sideband regions of Mሺγ ത𝛯𝑐ሻ for the Belle and Belle II datasets. 

𝐵+ → 𝛴𝑐 2455 ++ ത𝛯𝑐
′− 𝐵0 → 𝛴𝑐 2455 0 ത𝛯𝑐

′0

ത𝛯𝑐
′− 

signal region

ത𝛯𝑐
′0 

signal region

ത𝛯𝑐
′− 

sidebands

ത𝛯𝑐
′0 

sidebands

✓ The observed signal significances exceed 6.4𝜎 for the charged mode 

and 5.3𝜎 for the neutral mode including systematic uncertainties.

✓ The measured branching fractions are 

ℬ 𝐵+ → 𝛴𝑐 2455 ++ ത𝛯𝑐
′−

= 1.68 ± 0.31 ± 0.12−0.54
+1.49 × 10−3

ℬ 𝐵0 → 𝛴𝑐 2455 0 ത𝛯𝑐
′0

= 1.28 ± 0.32 ± 0.10−0.21
+0.30 × 10−3

Uncertainties are statistical, systematic, and from ℬሺ ത𝛯𝑐 → Xሻ, respectively. 

✓ The measured branching fractions are two to three times 

larger than those of 𝐵+ → 𝛴𝑐 2455 ++ ത𝛯𝑐
−  and 𝐵0 →

𝛴𝑐 2455 0 ത𝛯𝑐
0, despite the smaller available phase space for 

these decays.

Preliminary

arXiv:2606.12905
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CP Violation and KM theory

➢ CP violation: a key for the matter-antimatter asymmetry.

➢ Kobayashi-Maskawatheory (1973): 

⚫ CP violation in the Standard Model (SM)

⚫  Complex phase in the quark mixing matrix

In B mesons, CP violation often appears as a decay 
time difference.
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Three ways of B tagging

• Tagging: Hadronic + Semileptonic 

• Hadronic tagging and knowledge of initial state enables excellent Emiss reconstruction

• Inclusive ROE (Rest of Event) (× 10 - 20 efficiency, but large backgrounds); add some ML/AI (boosted 

decision trees) to help suppress the large backgrounds.
15



• much smaller loop contribution ⟹ dominates 𝜙2 precision
• two 𝜋0’s reconstruction needed ⟹ a channel suitable for Belle II

[PRD 111, 092001 (2025)]
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Search for CPV in 𝑩𝟎 → 𝝆+𝝆−

Dominated by systematics from S

Constraining 𝝓𝟐: 

𝐵 → 𝜌𝜌 world average:

𝜙2 = ሺ91.5−5.4
+4.5ሻ∘

𝐵 → 𝜌𝜌 world average 
+ Belle II 𝜌+𝜌− result

⇒ 𝝓𝟐 = ሺ𝟗𝟐. 𝟔−𝟒.𝟖
+𝟒.𝟓ሻ∘



First measurement of time-dependent CP violation in B0 → π0π0 

The Issue with B0 → π0π0 

The New Idea

PHYS. REV. D 112, 032011 (2025)
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First measurement of time-dependent CP violation in B0 → π0π0 
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First measurement of time-dependent CP violation in B0 → π0π0 

First measurement of mixing-

induced CP violation in B0 → π0π0 
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Time-dependent CP violation in 𝑩𝟎 → 𝜸𝑲𝒔
𝟎𝝅𝝅
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Time-dependent CP violation in 𝑩𝟎 → 𝜸𝑲𝒔
𝟎𝝅𝝅

arXiv:1802.09433
21



Electroweak Penguin Decays
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Inclusive 𝐵 → Xs𝜈𝜈 with hadronic tagging

Maximum likelihood fit in 𝑀𝑋s × 𝓞BDT with 3 × 5 bins:

𝐾

(𝐾𝑛𝜋)non-res

𝐾∗

• Probe flavor changing neutral currents (FCNC) in 𝑏 → 𝑠𝜈𝜈.

• The branching fraction for 𝐵 → Xs𝜈𝜈 is cleanly predicted to 

be (2.9±0.3)×10−5 in the SM [JHEP 02, 184 (2015)].

Full range:

Most stringent upper limit on the inclusive rate

PRL 136, 231801 (2026) 



Inclusive B → Xsℓ
+l-

Partial branching fraction (BF) in 1 < q2 < 6 GeV2

Untagged analysis 

good agreement with SM, factor 2 improvement in precision 
24



𝑩+ → 𝝁+𝝂𝝁

• Belle + Belle II (1076/fb):

• 𝐵 𝐵+ → 𝜇+𝜈𝜇 = 4.36 ± 1.89 ± 1.01 × 10−7 (2.35σ)

• SM branching fraction:

• SM predicted: 𝐵 = 4.18 ± 0.44 × 10−7. 

• Belle: 𝐵 = 5.3 ± 2.0 ± 0.9 × 10−7 (2.8σ)

(PRD 101 (2020) 032007)

These are the most stringent limits to date.

Bayesian PDF

Frequentist PDF

arXiv:2602.09800

𝐵 𝐵+ → 𝜇+𝜈𝜇 < 7.13 × 10−7 ሺ𝐵𝑎𝑦𝑒𝑠𝑖𝑎𝑛 𝑈𝑝𝑝𝑒𝑟 𝐿𝑖𝑚𝑖𝑡ሻ

𝐵 𝐵+ → 𝜇+𝜈𝜇 < 6.25 × 10−7 ሺ𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑡𝑖𝑠𝑡 𝑈𝑝𝑝𝑒𝑟 𝐿𝑖𝑚𝑖𝑡ሻ

An inclusive tagging approach
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https://arxiv.org/abs/2602.09800


LFU in B decays

~3.5σ 

26



Updated 𝓡(𝐃) and 𝓡(𝐃∗) 

27

Most precise determination of 

𝓡(𝐃ሺ∗ሻ) with hadronic tagging

➢ Reconstruct 13 D decay modes, Hadronic tag 
➢ 2D binned template likelihood fit, simultaneously in 5 

channels (EECL and Mmiss
2)

Consistent with SM expectation within 1.5𝝈 



𝓡(𝐃) and 𝓡(𝐃∗) 
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Semileptonic decay: CKM matrix
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Inclusive B → Xuℓν PRD 113 (2026)  032004 

Nominal fit result 
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Inclusive B → Xuℓν PRD 113 (2026)  032004 

BLNP model: 

PRD72,073006; 

NPB 699,335

DGE model:

JHEP 01 (2006) 

097

GGOU model:

JHEP 10 (2007) 

058.
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|Vcb| from untagged exclusive B → Dℓνℓ
Signal yields are extacted in 10 bins of w by fitting the 
simultaneously in the electron and muon
channels and in the charged and neutral modes

Extract by fitting values of Δ𝒯/Δ𝑤 using BCL
(Phys. Rev. D 82, 099902 (2010)) form factor
parameterization.

➢ Result in agreement with exclusive HFLAV average
➢ Most precise measurement using B → Dℓνℓ decays

PRD 112, 112009 (2025)

The recoil variable w = vB·vD

cosθBY：the angle between the signal B and Dℓ system
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Future prospects
Physics reach：

The goal of Belle II is to uncover new physics beyond 

the Standard Model.

• Testing violations of lepton flavor conservation and 

universality and understanding their origins

• Checking the unitarity of the CKM matrix to high 

precision

• Identifying new weak (CP-violating) phases in the 

quark sector

• Probing the existence of dark-sector particles at MeV 

to GeV mass scales

• Reducing the uncertainty in the theory prediction for 

the muon g−2 anomaly

• Understanding the role of QCD in the production and 

binding of new hadronic states of matter

• Until 2026, about 1 𝐚𝐛−𝟏 data, comparable to Belle 
• Until 2029, about 4 𝐚𝐛−𝟏 data.

From https://www.belle2.org/research/luminosity/

From SNOWMASS2021 
(https://arxiv.org/pdf/2203.10203)

During the long shutdown starting in 2032,  upgrades 

are planned for the SuperKEKB accelerator and the 

Belle II detectors

https://www.belle2.org/research/luminosity/
https://arxiv.org/pdf/2203.10203
https://arxiv.org/pdf/2203.10203
https://arxiv.org/pdf/2203.10203


Summary

Belle II is presently increasing its instantaneous luminosity, perfect for

precision measurement of B decays and probing Standard Model assumptions

- B hadronic decays, CPV in B decays, Electroweak Penguin Decays, B 

(semi-)leptonic decays,  ….. 

• Some are special at 𝐞+𝐞− collider

-   Only ~2% of target luminosity collected so far. Until 2026, about 1 𝐚𝐛−𝟏 

data at Belle II. Stay tuned for more exciting results from Belle II.
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Thanks for your attention!
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Backup slides
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CP Violation in  B decays 
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Usual method to extract signal yield
To select signal candidates, we kinematically constrain the event via the tag-side B decay. Three 

ways: 



CKM matrix element
Belle II important task:
Constrain CKM unitarity triangle & test SM 

Several measurements carried out by Belle and Belle II:

40
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