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Belle和Belle II实验上强子的相关研究

SuperKEKB and Belle II

Nano-beam design:
Beam squeezing: ×20 smaller; Beam current: ×2 larger 
Target peak luminosity: KEKB×30 

𝐬 ~ 10.58 GeV
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Belle and Belle II Datasets
In December 2024• Belle (1999 - 2012)

• Belle II RUN-I (2019 - 2023)
• Belle II RUN-II (2014 - 2025)

WORLD RECORD: 𝟓. 𝟏×𝟏𝟎𝟑𝟒 𝐜𝐦$𝟐𝐬$𝟏

Most data at or near the Υ(4S) resonance, and 19.6 &b!" near Υ 10753 .
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Belle和Belle II实验上强子的相关研究

International Belle II collaboration

Belle II now has grown to 1229
researchers from 28 countries/regions. 4



Belle II physics
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Belle II physics
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ACP  in Charm

CKM matrix 
element

B rare decays

𝛕 physics

𝚼(𝟏𝟎𝟕𝟓𝟑) study

Lepton-Flavor 
universality

The Belle II Physics Book: 
[PTEP 2019 (2019) 12, 123C01]

Dark Higgs

Charmed baryon



Hadronic, leptonic, and 
semi-leptonic B decays

7



Strategy for CP measurements
B"B-pair entanglement → B-meson flavour is opposite to its pair at time of decay, then 
oscillates in time.

Boost (βγ) = 0.29

All results today involve hadronic tagging, except for R(D(*+)) and B → Kν-ν. 8



𝑩𝟎 → 𝝆"𝝆#
Goal: Branching fraction (ℬ), polarisation (𝑓.), CP asymmetry (S and C), 𝜙/ measurement
This decay gives stringent constraints of 𝝓𝟐 due to small contribution from loop amplitude (b→d).

Extend ML fit to 6 obs: Δ𝐸, 𝑚!±!$, 𝒯", and cos𝜃#% to 
extract 𝓑 and 𝒇𝑳

[arXiv: 2412.19624]
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𝑩𝟎 → 𝝆"𝝆#

Extend ML fit to 𝜟𝒕 to extract S and C: Constraining 𝜙/
• Perform isospin analysis based on the amplitude 

of longitudinally polarized 𝐵 → 𝜌.𝜌/, Aij
• Constrain using this measurement + World 

Averages (BaBar, Belle, and LHCb)

[arXiv: 2412.19624]

Second solution of 𝜙! excluded by 𝜙"
and 𝜙# measurements

Good agreement with previous BaBar (2007) and Belle (2016) 
with equivalent BaBar and ~50% of Belle equivalent luminosity !

Dominated by systematics from S
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https://www.doi.org/%2010.1103/PhysRevD.76.052007
https://www.doi.org/%2010.1103/PhysRevD.93.032010


Search for 𝑩" → 𝝉"𝝂𝝉
• Precise BF value is important to check consistency with SM predictions / constrain new physics

• Potential modes to precisely measure |Vub|
• Challenging (particularly, 𝝉 mode) due to undetected neutrinos in the final state

[arXiv: 2502.04885]

Validate simulations/efficiency/modelling using control channels 𝐁 →
𝐗ℓ𝛎, 𝐁 → 𝐃(∗)𝛑, and 𝐁 → 𝐃∗𝟎ℓ𝛎ℓ, then
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𝓡(𝑫) and 𝓡(𝑫∗) 
• In SM, the W boson couples equally to 𝜏, 𝜇, 𝑒 ⟹ Lepton-Flavor Universality (LFU)

• Ratio measuremnts provide strigent LFU tests: branching fractions, angular asymmetry, etc.
• Normalization (|V%&|) cancels

• Part of theoretical, experimental uncertainties cancels

Combined deviation from SM stands at 3.3σ

Goal: ℛ(D+) and ℛ(D*+) measurement using semi-
leptonic tagged approach (First results)

Reconstruction:
• Use semi-leptonic FEI to reconstruct the Btag
• Bsig is reconstructed from D(∗), leptons, and leptonic 
𝜏 decays
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𝓡(𝐃) and 𝓡(𝐃∗) 
Signal extraction
• 2D binned log-likelihood fit to 𝔃𝝉 and 𝔃𝐝𝐢𝐟𝐟 = 𝔃ℓ − 𝔃𝐛𝐤𝐠
• The three classification scores are denoted as 𝓏/, 𝓏ℓ, and 𝓏&01 for 

semitauonic, semileptonic, and background events, respectively.
• Input BDT variables: angular, momenta of ℓ and 𝐷(∗), and EECL extra.
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[arXiv: 2504.11220]



rare B decays
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2024年4月24日，南京师范大学

𝑩 → 𝑲𝝂*𝝂
Penguin diagram Box diagram

• The process is known with high accuracy in 
the SM: 𝓑(𝐁 → 𝐊𝛎5𝛎) = (5.6±0.4)×𝟏𝟎$𝟔
[PRD 107, 014511 (2023)]

• Extensions beyond SM may lead to 
significant rate increase.

• Very challenging experimentally, not yet 
observed
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Two ways of tagging

• New technique from Belle II with inclusive ROE (Rest of Event) tagging (× 10−20 efficiency, 

but large backgrounds)

• Add some ML/AI (boosted decision trees or BDTs) to help suppress the large backgrounds. 16



First evidence for 𝑩 → 𝑲𝝂*𝝂
• Extract signal from maximum likelihood fit
• Inclusive tag: in bins of q<=>/ and η(BDT/)
• Hadronic tag: in bins of η(BDT?)

The signal is 2.7σ above the 
SM expectation.

Combination and comparisons with 
other measurements:

𝓑 𝐁 → 𝐊𝛎<𝛎 = (𝟐. 𝟑 ± 𝟎. 𝟕)×𝟏𝟎5𝟓

Significance: 3.5𝛔
𝓑 𝐁 → 𝐊𝛎<𝛎 = (𝟐. 𝟕 ± 𝟎. 𝟓(𝐬𝐭𝐚𝐭) ± 𝟎. 𝟓(𝐬𝐲𝐬𝐭))×𝟏𝟎5𝟓 (inclusive tag)
𝓑 𝐁 → 𝐊𝛎<𝛎 = ( 𝟏. 𝟏5𝟎.𝟖:𝟎.𝟗(𝐬𝐭𝐚𝐭)5𝟎.𝟓:𝟎.𝟖(𝐬𝐲𝐬𝐭))×𝟏𝟎5𝟓 (hadronic tag)

1.1𝛔

3.5𝛔

[PRD 109, 112006 (2024)]
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Inclusive tag Hadronic tag



Search for 𝑩𝟎 → 𝑲𝒔
𝟎𝝉±𝓵∓ [arXiv: 2412.16470]

• Flavor changing neutral current processes are 
forbidden in SM at tree level. 

• NP models that accommodate the b → cτℓ anomalies 
predict an enhancement of several orders of magnitude 
with τ.

• Never searched for before
• High 𝐊𝐬𝟎 purity (>98%)
• Search in 1-prong τ decays: 𝝉: → ℓ:𝝊G𝝊, 𝝅:𝝊, 𝝆:𝝊
• Fit recoil τ mass (𝐌𝛕) for signal extraction

First	search	for	𝑩𝟎 → 𝑲𝒔𝟎𝝉±𝓵∓ decays
18



Search for 𝑩𝟎 → 𝑲∗𝟎𝝉"𝝉#
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[arXiv: 2504.10042]



charm

20



21

ACP in 𝑫𝟎 → 𝑲𝒔
𝟎𝑲𝒔

𝟎

Charm-flavor-tag (CFT) 𝐃𝟎: exploits the correlation 
between the flavor of a DB meson and the electric 
charges of particles reconstructed in the rest of the 
𝑒C𝑒$→ 𝑐 ̅𝑐 event [PRD 107, 112010 (2023)].  Double the size of sample compered to 𝐃∗-tag

CFT-tag

[Preliminary results]

Fit m(KDBKDB) and product of tagged flavor q and tag quality r:

World’s best determination!
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𝚵𝐜$ branching fractions
Reconstruct
• Ξ'( → Σ(K)*, Ξ'( → Ξ*π( (CF)
• Ξ'( → Ξ*K(, Ξ'( → pK)*, Ξ'( → Λπ(, Ξ'( → Σ*π( (SCS)

eCe$ → Ξ>C + anything
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𝚵𝐜$ branching fractions
First or most precise measurements! 

[JHEP 03 (2025) 061][Preliminary results]



quarkoium
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Bottomonium
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Conventional bottomonium (pure b<b states) 
Bottomonium-like states (mix of b<b and B<B) 
Exotic charged states (Z&

:)

The Υ 10753 was first discovered in π(π+Υ(nS) final states 
using scan data by Belle [JHEP 10, 220 (2019)].

Recently, Belle II collected 19 fb-1 of unique data around 
𝑠 ~ 10.75 GeV to study the nature of the Υ(10753).



𝐞!𝐞" → 𝛚𝛘𝐛𝐉 and 𝐞!𝐞" → (𝛑!𝛑"𝛑𝟎)𝐧𝐨𝐧"𝛚𝛘𝐛𝐉 at Belle and Belle II
[Preliminary results]
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• The (π(π+π*),-,+.χ/0 excess maybe 
due the cascade decay of 
Υ(10860,11020) → Z/π → χ/0ρπ
[PRD 90, 014036 (2014)].

Υ(10753) mass (10756.1±4.3) MeV/c1

Υ(10753) width (32.2±18.7) MeV

• The mass and width are consistent 
with those from e(e+ → π(π+Υ(nS)
measuremnt [JHEP 07, 116 (2024)].

1.5 at 𝒔 ~ 10.75 GeV 0.15 at 𝒔 ~ 10.867 GeV

This may indicate the difference in the 
internal structures of Υ(10753) and 
Υ(10860). 
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Evidence of 𝐏𝐜𝐜̅𝐬(𝟒𝟒𝟓𝟗) at Belle 
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[arXiv:2502.09951]

- OZI suppressed decays of Υ(1S) and Υ(2S)
rich in gluons: 
• enhanced baryon production
• Pentaquarks?

- Select inclusive Υ(1S, 2S) → J/ψΛ + X decays, 
then search for P>->D → J/ψΛ in M(J/ψΛ)

- 4.0𝜎 local significance with free mass and 
width

- 3.3𝜎 significance with the Gaussian 
constraints from LHCb measurement [Sci. 
Bull. 66, 1278 (2021)]

3.3𝜎



Tau and dark sector
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𝝉 physics
SuperKEKB as a 𝝉 factory

• eCe$ collider produce τ lepton pairs at high rate 

𝛕 decay modes
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≫ lepton favour/number violation, CKM unitarity, CP 
violation, ...

Advantages at Belle II:
ü High luminosity
ü Good vertexing and tracking capabilities
ü Sophisticated trigger system and particle ID

Taupair events are produced 
back-to-back and each tau is 
reconstructed via 1 or 3 
charged tracks.



Lepton-Flavour Violation in 𝝉 physics

[JHEP 09 (2024) 062]

PRD 110, 112003 (2024)

Search for 𝛕 → ℓ𝐊𝐬𝟎:

ℬ!" τ → e(µ)K#$ < 0.8(1.2)×10%& The most stringent constraints

ℬ!" τ → µµµ < 1.9×10%& Less data, more restrictive than Belle

ℬ!" τ% → Λπ%(dΛπ%) < 4.7(4.3)×10%& The most stringent constraints

𝛕 → 𝛍𝛍𝛍

𝛕% → 𝚲(d𝚲)𝛑%: 

[Preliminary results]
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A dark Higgs boson in association with inelastic dark matter
Dark photon Aʹ, dark Higgs hʹ, and two dark matter states 𝜒', 𝜒(

Looking for simultaneous production of Aʹ and hʹ

• 4 tracks in the final state

• 2 forming a pointing dispaced vertex

• mising energy

• cut-and-count strategy in Mhʹ (x+x−)
distributions

• No signicant excess found 
• 8 events observed consistent with 

expected background
• Convert UL at 90% C.L. of 

σ(𝑒)𝑒% → χ1χ2hʹ)×ℬ(χ2 → χ1e+e−)×
ℬ(hʹ → x+x−) to mixing angle 𝜃
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[Preliminary results]



Summary
- Belle II and Belle hold a unique data sample. A number of interesting
measurements have been already performed in different fields, such as
• First evidence for B → Kν5ν, first search for BB → KDBτ±ℓ∓, and most stringent UL for BB →
K∗BτCτ$

• World’s best determination for ACP in DB → KDBKDB, first or most precise measurements for 

some charmed baryon decays

• Properties study of Υ(10753), unique in Belle II

• τ factory! Precise property measurements and search for NP

- Only 1% of target luminosity collected so far. 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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CKM matrix element
Belle II important task:
Constrain CKM unitarity triangle & test SM 

Several measurements carried out by Belle and Belle II:
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Data-taking plan at Belle II
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• Until 2026, about 1 ab!"
data, comparable to Belle 

• Until 2029, about 4 ab!"
data.


