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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
In December 2024• Belle (1999 - 2010)

• Belle II RUN-I (2019 - 2023)
• Belle II RUN-II (2024 - 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 II physics
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The Belle II Physics Book: 
[PTEP 2019 (2019) 12, 123C01]

𝛕 physics

Charm physics

B rare

B semi-leptonic

B CPV

I will not cover all the results, but only a biased 
selection of my taste.

𝚼(𝟏𝟎𝟕𝟓𝟑) study
and B mass 
difference



B decays
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Two ways of tagging

• Tagging: Hadronic + Semileptonic

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

decision trees) to help suppress the large backgrounds.
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Tagged Untagged (Inclusive)



• 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:
𝜙" = (91.5#$.&'&.$)∘

𝐵 → 𝜌𝜌 world average 
+ Belle II 𝜌'𝜌# result
⇒ 𝝓𝟐 = (𝟗𝟐. 𝟔#𝟒.𝟖'𝟒.𝟓)∘



𝓡(𝐃) and 𝓡(𝐃∗) 
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Signal extraction
• 2D log-likelihood fit to E!"# and M$%&&

'

Most precise determination of 
𝓡(𝐃(∗)) with hadronic tagging

• Test Lepton-Flavor Universality
• Use hadronic tagging, efficiency: 0.30%, purity: 29%

[Belle II Preliminary]
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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.

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

[Belle II Preliminary]

The recoil variable w = vB·vD
cosθBY：the angle between the signal B and Dℓ system
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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

[Belle II Preliminary]
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B rare decays
• Flavor changing neutral current processes are forbidden at tree level in SM.
• Lepton flavor-violating decays are forbidden in SM.
• The decay rates can be enhanced by physics beyond the SM.

Channel 
UL at 90% 

C.L. Comments References

𝐁𝟎 → 𝐊𝐬𝟎𝛕±𝓵∓ 3.6×10−5 Best limits
PRL 135, 0418

01 (2025)

𝐁𝟎 → 𝐊∗𝟎𝛕±𝓵∓ 6.4×10−5

LHCb: 5.9×10−6 

(𝒆 mode) 
1.0×10−5 

(𝝁 mode) 

JHEP 08 
(2025) 184

𝐁𝟎 → 𝐊∗𝟎𝛕1𝛕! 1.8×10−3 Best limits
arXiv:2504.10

042, PRL 
accepted

𝐁1 → 𝐊1𝛕1𝛕! 0.9×10−3 Best limits
Belle II 

preliminary

𝐁𝟎 → 𝐊𝐬𝟎𝛕±𝓵∓
Ø Use hadronic tagging
Ø No significant signals, and upper limits were set.



Charm
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• At Belle II, e4e5 mainly collide at 10.58 GeV to make Υ(4S) resonance mainly decaying into B(B.
• Meanwhile, continuum processes 𝐞4𝐞5 → 𝐪(𝐪 (q = u, d, s, c) have large cross sections.
• Two ways to produce charm samples: 1) 𝐞4𝐞5 → 𝐜𝐜̅, and 2) B → charm decays.
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Charm production at Belle II
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Charm	CPV
• The D → ππ decays help to determine the source of CPV:

if R ≠ 0, CPV from ∆I = 1/2 amplitude; if R = 0 and at least one A!"#$% ≠ 0, CPV from a beyond-SM ∆I = 3/2 amplitude.

Channel ACP References

𝐃𝟎 → 𝛑𝟎𝛑𝟎 (+0.3±0.7±0.2)% PRD 112, 012006 (2025)

𝐃1 → 𝛑1𝛑𝟎 (−𝟏.8±0.9±0.1)% PRD 112, L031101 (2025)

𝐃𝟎 → 𝛑1𝛑!𝛑𝟎 (0.3±0.3±0.1)% Preliminary result

𝐃𝟎 → 𝐊𝐬𝟎𝐊𝐬𝟎 (−0.6±1.1±0.1)%
PRD 111, 012015 (2025), 
PRD 112, 012017 (2025)

𝐃1, 𝐃𝐬1 → 𝐊𝐬𝟎𝐊!𝛑1𝛑1 (+3.9±4.5±1.1)%, (−0.2±2.5±1.1)%  JHEP 04 (2025) 036

𝚲𝐜1 → 𝚲𝐊1, 𝚺𝟎𝐊1 (+2.1±2.6±0.1)%, (+2.5±5.4±0.4)% Sci. Bull. 68 (2023) 583

𝚲𝐜1 → 𝐩𝐊1𝐊!, 𝐩𝛑1𝛑! (+𝟑.9±1.7±0.7)%, (+0.3±1.0±0.2)% Preliminary result

𝚵𝐜1 → 𝚺1𝐊1𝐊!, 𝚺1𝛑1𝛑! (+3.7±6.6±0.6)%, (+9.5±6.8±0.5)% Preliminary result

New Charm-flavor-tag (CFT) 𝐃𝟎:

Search for Charm CPV in following channels:



15

First observation of 𝐃𝐬𝟎∗ (𝟐𝟑𝟏𝟕)$ → 𝐃𝐬∗$𝛄

𝐃𝐬𝟎∗ (𝟐𝟑𝟏𝟕)) could be the mixture state of pure 𝐜𝐬̅
state and molecular state.

• Target: 𝐃𝐬𝟎∗ (𝟐𝟑𝟏𝟕)/ → 𝐃𝐬∗/𝛄
• Control channel: 𝐃𝐬𝟎∗ (𝟐𝟑𝟏𝟕)/ → 𝐃𝐬/𝛑𝟎 (Br = (𝟏𝟎𝟎0𝟐𝟎/𝟎 )%)

> 10𝛔
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𝚵𝐜$ and 𝚵𝐜𝟎 decays
Reconstruct:
• 𝚵𝐜𝟎 → 𝚲𝛈, 𝚵𝐜𝟎 → 𝚲𝛈+ (singly Cabibbo-suppressed (SCS))
• 𝚵𝐜) → 𝚵𝟎𝐊), 𝚵𝐜) → 𝐩𝐊𝐬𝟎, 𝚵𝐜) → 𝚲𝛑), 𝚵𝐜) → 𝚺𝟎𝛑) (SCS)

ePe$ → ΞQP/ΞQR + anything

Belle + Belle II Belle + Belle II
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Branching fractions First or most precise measurements! 

[JHEP 03 (2025) 061][JHEP 08 (2025) 195] [arXiv: 2510.20882]

Next steps: 1. Explore three-body decays; 
2. Amplitude analyses to search for new intemediate states and identify JP.

[4] the pole model (Pole), current algebra 
(CA)
[5-11] SU(3)F flavor symmetry

[12] Pole and CA
[13-22] SU(3)F flavor symmetry

[15, 17-23] SU(3)F flavor symmetry
[16] Pole and CA
[22] Topological diagrammatic approach



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 (Z2

/)

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

Belle II collected 19 fb-1 of unique data around 𝒔 ~ 
10.75 GeV to study the nature of the Υ(10753).
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𝐞!𝐞" → 𝛈𝚼(𝟐𝐒) and 𝐞!𝐞" → 𝐁(∗)*𝐁(∗) 

• The Born cross section of 𝐞)𝐞, → 𝛈𝚼(𝟐𝐒) around 𝐁∗𝐁̀∗ mass is 
relatively large.

Rapid increase of 𝛔B∗ -B∗  just above the threshold.
A new bottomonium-like state around 𝐁∗𝐁̀∗ threshold?
The 𝒀𝒃(𝟏𝟎𝟔𝟓𝟎) is predicted in Refs. [arXiv:2505.02742, arXiv:2508.11127, arXiv:2505.03647]. 

[arXiv:2509.01917] [JHEP 10 (2024) 114]

Different fit models:
Black: 𝐁∗𝐁̀∗ + Y(10753) + Y(5S)
Green: Y(10753) + Y(5S)
Blue: Y(5S)
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𝐞!𝐞" → 𝛄𝛘𝐛𝐉 and 𝐞!𝐞" → 𝛑!𝛑"𝚼𝐉(𝟏𝐃)
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• No clear signal of 𝐞)𝐞, → 𝛄𝛘𝐛𝐉 can be seen.
• 𝛔𝐁𝐨𝐫𝐧𝐔𝐋 (𝐞)𝐞, → 𝛄𝛘𝐛𝟏) at 90% C.L. at 𝐬 = 10.746 GeV is 0.25 pb, which is much 

smaller than the Born cross sections for 𝐞)𝐞, → 𝛚𝛘𝐛𝐉 and 𝐞)𝐞, → 𝛑)𝛑,𝚼(𝐧𝐒).

Inverted triangles: the 90% C.L. upper limits on the product 
𝛔(𝐞)𝐞, → 𝛑)𝛑,𝚼𝟐 𝟏𝐃 )𝓑(𝚼𝟐(𝟏𝐃) → 𝛄𝛘𝐛𝟏)) as a function of C.M. 
energy.

• A pronounced suppression in the coupling of the 𝚼(10753) 
resonance to 𝚼𝐉(𝟏𝐃)	states via dipion transitions.

• The upper limits do not conflict with the 𝚼(10860) line shape.

[arXiv: 2508.16036]

[Belle II Preliminary]
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𝐁𝟎 − 𝐁! mass difference
• Helps refine theoretical models of quark binding and hadron mass generation
• Data sets: 571 fb-1 (Belle) and 365 fb-1 (Belle II) @Y(4S)
• Simultaneous fit to mass distributions .𝐌𝐛𝐜 and energy dependence of 𝓡 = 𝛔(𝐁𝟎3𝐁𝟎)/𝛔(𝐁/𝐁0) using 

variation of 𝐄𝐜𝐦 over data taking period ⇒ 𝚫𝐦 was extracted

Belle (II) PRELIMINARY
Δm = (0.495±0.024±0.005) MeV

• twice more precise
• understood discrepancy 

with BaBar (PHSP)
• PHSP assumption 

excluded by 10𝜎 

[Belle II Preliminary]



Tau
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𝝉 physics

SuperKEKB as a 𝝉 factory

• ePe$ collider produce τ lepton pairs at high rate 

24

≫ 𝝉	mass and lifetime, lepton flavor violation, 
CKM unitarity, CP violation, ...

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

𝛕	decay modes



Lepton-flavor violation in 𝝉 physics

ℬ34 𝜏 → 𝑒(𝜇)𝐾56 < 0.8(1.2)×10!7 [JHEP 08 (2025) 092] The most stringent constraints

ℬ34 𝜏! → 𝛬𝜋!( ̅𝛬𝜋!) < 4.7(4.3)×10!7 [PRD 110, 112003 (2024)] The most stringent constraints

ℬ89 τ± → µ±γ < 9.5×10!7 [Preliminary] Improved signal efficiency and background rejection
25

𝛕 → 𝐞𝐊𝐬𝟎 𝛕 → 𝛍𝐊𝐬𝟎

𝛕, → 𝚲𝛑, 𝛕, → 𝚲̀𝛑, 

Baryon number violation
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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 𝐚𝐛0𝟏 data, comparable to 
Belle 

• Until 2029, about 4 𝐚𝐛0𝟏 data.

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

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

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


Summary
-			Belle II: new data + upgraded detectors + new software tools 

• B CPV/semi-leptonic/rare, charm CPV/BF/𝛼/spectrum ⟸ γ/π0/𝑲𝒔
𝟎/ν

(recoiling/EECL/BDT) etc

• Exotic states, 𝜏 physics, dark sectors ⟸ special data at 𝐞A𝐞B collider

-   Only 1% of target luminosity collected so far. Until 2026, about 1 

𝐚𝐛B𝟏 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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Search for CPV in 𝑩𝟎 → 𝝆A𝝆B
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B → Xsνν
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𝝉 mass

Fit the distribution with 
a Heaviside step function:

𝛕 mass

M(𝛕) = (1777.09±0.08±0.11) MeV/𝐜𝟐
Most precise to date. 

Systematic uncertainty (0.11), dominant by beam-
energy correction and charged-particle momentum 
correction. [PRD 108, 032006 (2023)]
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Charm Meson and Charmed Baryon Lifetimes
• PDF Model: 

t:  decay-time; 𝜎k: decay-time uncertainty 

D9 → K,π)

Λ:) → pK,π)

Ω:9 → Ω,π)

D;) → ϕπ)

[PRD 107, L031103 
(2023)]

[PRL 130, 071802 (2023)] [PRL 127, 211801 (2021)] 

[PRL 131, 171803 (2023)] 
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D) → K,π)π)



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]
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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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