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RUN-I & II (2019-2025)

• Belle II achieves higher statistical power than 

Belle & BaBar due to improved detector & modern 

analysis techniques.

• 1/fb of Belle II data is worth 2/fb of BaBar or 

Belle data*.

• Much effort ongoing to shift this fraction even 

further with new triggers, better reconstruction, 

novel ideas etc.



• Devoted significant fraction of running time for 

machine studies to understand instabilities.

• Sudden beam loss leads not only low lumi. but also 

detector damage 

Target instantaneous luminosity: ℒ = 6 × 1035𝑐𝑚−2𝑠−1 ( 30 x KEKB)  until 2032

Max instantaneous luminosity: ℒ = 5.24 × 1034𝑐𝑚−2𝑠−1 (15 Mar. 2026)

vacuum sealant

4



5

𝛕 physics

• CPV: 𝜏 → 𝜋𝐾𝑠
0𝜈𝜏

• LFV: 𝜏 → 𝜇𝛾

𝐗𝐘𝐙 physics

• 𝑒𝑒 → 𝜂Υ(1𝑆)

• 𝜎(𝑒𝑒 → 𝐵𝐵)

• 𝐷𝑠0(2317) → 𝐷𝑠
∗𝛾

Charm physics (CPV):

• 𝐷0 → 𝜋0𝜋0

• 𝐷0 → 𝜋+𝜋−𝜋0

• 𝐷+ → 𝜋+𝜋0

B physics (semiletopnic decay ): 

•𝐵 → 𝐾𝜏𝜏

•𝐵 → 𝑋𝑠𝑙𝑙

•𝐵 → 𝜋0𝜋0

•𝐵 → 𝐷∗𝜂𝜋
复旦大学
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Search for direct CP violation in the decay: 𝝉 → 𝝅𝑲𝒔
𝟎𝝂𝝉

◆Clean experimental signature.

◆Experimentally we observe 𝐾𝑠 and 𝐾𝐿, and SM predicts a 

CP violation value in the kaon sector of

𝑨𝑪𝑷
𝑺𝑴 ≡ 𝑨𝟏 =

𝚪 𝝉+ → 𝝅+𝑲𝑺
𝟎 ത𝝂𝝉 − 𝚪 𝝉− → 𝝅−𝑲𝑺

𝟎𝝂𝝉

𝚪 𝝉+ → 𝝅+𝑲𝑺
𝟎 ത𝝂𝝉 + 𝚪 𝝉− → 𝝅−𝑲𝑺

𝟎𝝂𝝉

≃ 𝟑. 𝟑 ± 𝟎. 𝟏 × 𝟏𝟎−𝟑

𝐴𝐶𝑃 using angular observables.

No asymmetry at 10−2 level

𝐴𝜏 =
Γ 𝜏+ → 𝜋+𝐾𝑆

0 ҧ𝜈𝜏 − Γ 𝜏− → 𝜋−𝐾𝑆
0𝜈𝜏

Γ 𝜏+ → 𝜋+𝐾𝑆
0 ҧ𝜈𝜏 + Γ 𝜏− → 𝜋−𝐾𝑆

0𝜈𝜏

𝐴𝐶𝑃
𝐵𝑎𝐵𝑎𝑟 = −0.36 ± 0.23 ± 0.11 %

􀅵 2.8 σ deviation from the SM expectation

Preliminary 
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Search for direct CP violation in the decay: 𝝉 → 𝝅𝑲𝒔
𝟎𝝂𝝉

𝒜CP =
𝑓1𝐴1 + 𝑓2𝐴2 + 𝑓3𝐴3

𝑓1 + 𝑓2 + 𝑓3
=

𝑓1 − 𝑓2

𝑓1 + 𝑓2 + 𝑓3
𝐴1

Branching fraction Asymmetry

⚫ f1 = −f2: 𝝉− → 𝝅− ഥ𝑲𝟎𝝂𝝉, while  𝝉− → 𝑲−𝑲𝟎𝝂𝝉

⚫ f3 = 0 

𝘼𝗖𝑷 𝗰𝗼𝗺𝗯𝗶𝗻𝗲𝗱 = 𝟎. 𝟕𝟏 ± 𝟎. 𝟐𝟔𝘀𝘁𝗮𝘁. ± 𝟎. 𝟎𝟔𝘀𝘆𝘀. ± 𝟎. 𝟏𝟓𝘂𝗻𝗳.

𝐴𝑐𝑝 based on angular observables is ongoing.

Preliminary 
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Search for LFV in the decay: 𝝉 → 𝝁𝜸

In SM: ℬ 𝜏± → ℓ±𝛾 =
3𝛼

32𝜋
𝑈𝜏𝑖

∗ 𝑈ℓ𝑖
Δ𝑚3𝑖

2

𝑚𝐻
2

2

∼ 10−54

⚫ favored by most of the beyond the SM theories.

JHEP 10 (2021) 019

Babar 515.5 fb⁻¹:𝐵 𝛕 → 𝝁𝜸 < 4.4 ×  10−8

   Belle  988 fb⁻¹:𝐵 𝛕 → 𝝁𝜸 <  4.2 ×  10−8

Previously, Signal is identified by:

Δ𝐸/ 𝑠 = (𝐸ℓ𝛾
𝑐.𝑚.  − 𝐸𝑏𝑒𝑎𝑚

𝑐.𝑚. )/ 𝑠 ∼ 0

𝑀𝑏𝑐 = 𝐸𝑏𝑒𝑎𝑚
𝑐.𝑚. 2 − (𝑃ℓ𝛾

𝑐.𝑚.)2 ∼ 𝑚𝜏

PRL104, 021802 (2010)

JHEP 10 (2021) 019

Preliminary 
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Search for LFV in the decay: 𝝉 → 𝝁𝜸
Assume: Eγ

c.m. = Ebeam
c.m. − Eμ

c.m., use new 𝑀𝑏𝑐:

𝑀𝑏𝑐 = − 𝑃ℓ
𝑐.𝑚.

2
+ 𝑠 ⋅ 𝐸ℓ

𝑐.𝑚. − 𝐸ℓ
𝑐.𝑚. 2

− 2 𝑃ℓ
𝑐.𝑚. ⋅ 𝑠/2 − 𝐸ℓ

𝑐.𝑚 ⋅ 𝑐𝑜𝑠𝜃ℓ𝛾

• Resolution of improved by 50%

• Correlation between (𝑀𝑏𝑐, Δ𝐸/ 𝑠 ) is negligible

Previous Belle (988 fb⁻¹) result:

𝐵 𝛕 → 𝝁𝜸 <  4.2 ×  10−8

𝐵𝑈𝐿 𝛕 → 𝝁𝜸 < 9.5 ×  10−8

Preliminary 



Observation of 𝐷𝑠 2317 + → 𝐷𝑠
∗+𝛾 

⚫ 𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 +：possible exotic state？

Partial decay widths: 

unique in discriminating between various models

10

⚫ The radiative decay of 𝐷𝑠0 2317 + has not been founded.

➢ ℛ =
ℬ 𝐷𝑠 2317 +→𝐷𝑠

∗+𝛾

ℬ 𝐷𝑠 2317 +→𝐷𝑠
+𝜋0 < 0.059 @ 90% CL from CLEO 

➢N Ds 2317 + → Ds
∗+γ = −6.5 ± 5.2

𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 + 
Decay mode

𝑱𝒑 transition Possible wave

𝑫𝒔
+𝜸 𝟎+ → 𝟎−𝟏− Forbidden

𝑫𝒔
∗+𝜸 𝟎+ → 𝟏−𝟏− 𝑳 = 𝟎, 𝟐

CLEO, 13.5 fb−1

PRD 68 032002 (2003)

⚫ℛ = [7.14 ± 0.70 𝑠𝑡𝑎𝑡. ± 0.26(𝑠𝑦𝑠𝑡. )]%

10.1𝜎

arXiv:2510.27174



Observation of 𝚼 𝟏𝟎𝟕𝟓𝟑 → 𝜼𝚼 𝟐𝑺
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Has observed in:

Υ 10753 → 𝜋+𝜋−Υ 1,2,3𝑆 𝜔𝜒𝑏𝐽, 𝐵 ∗ ത𝐵 ∗

• A relatively large 𝐵(Υ(10753) → 𝜂Υ(𝑛𝑆)), would 
support a 4S−3D interpretation of ;

➢ i.e. (0.46～5.46)  ×  10−3 (∼ 𝜔𝜒𝑏𝐽)

• similarly to how 𝜓(4040) observed at 𝐷∗ ഥ𝐷∗ threshold 
decays into 𝜂𝐽/𝜓, an enhancement near 𝐵∗ ത𝐵∗ can decay 
into 𝜂Υ(1, 2𝑆) ;

JHEP 07, 116 (2024) 

𝜓(4040) 

arXiv:2509.01017
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1. 𝑒+𝑒− → 𝜂 → 𝜋+𝜋−𝜋0 Υ 1𝑆 → ℓ+ℓ− → only 2 events

2. 𝑒+𝑒− → 𝜂 → 𝜋+𝜋−𝜋0 Υ 2𝑆 → ℓ+ℓ−

3. 𝑒+𝑒− → 𝜂 → 𝛾𝛾 Υ 2𝑆 → 𝜋+𝜋−Υ 1𝑆 → ℓ+ℓ−
𝟔. 𝟒𝝈

4. 𝑒+𝑒− → 𝛾𝑋𝑏 → 𝜋+𝜋−𝜒𝑏J → 𝛾Υ 1𝑆 → ℓ+ℓ− → nosignal

Fit hypotheses:

H1: only 𝛶 5𝑆  (blue curve) 

H2: 𝛶 5𝑆  and Υ 10753 (green curve)

H3: A default fit with all 3 components (black curve)

Observation of 𝚼 𝟏𝟎𝟕𝟓𝟑 → 𝜼𝚼 𝟐𝑺

JHEP 10, 114 (2024)

• the significance of Υ 10753 is < 2σ

• An extra resonance near 𝐵∗ ത𝐵∗  threshold is 
favored by ~3.8σ, but with parameters fixed

arXiv:2509.01017
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• ∆𝑚 =  𝑚𝐵0 − 𝑚𝐵+  is a basic property of B-meson system; 

➢important input for quark models; 

➢contains information on 𝑚𝑑 − 𝑚𝑢. 

•  𝑹 = 𝝈(𝑩𝟎 ഥ𝑩𝟎)/𝝈(𝑩+𝑩−) vs. 𝐸 :  strong isovector potential in 𝐵𝐵 system. 

➢Important for understanding of molecular states.

Measurement of mass difference 𝒎 𝑩𝟎 − 𝒎(𝑩+) and 

𝝈(𝑩𝟎 ഥ𝑩𝟎)/𝝈(𝑩+𝑩−) vs. energy at Belle and Belle II

BaBar used PHSP hypothesis: 

𝑅 =
𝑝𝐵0

𝑝𝐵+

3

PHSP hypothesis: excluded at 10σ level 

Model of 𝐵 ത𝐵 interaction: PRD97, 114023 (2018)

⚫ Constant potential inside radius a

⚫  scattering phase in isovector channel 𝛿1 

➢ >0 for attractive potential 

arXiv:2511.15926
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CP violation in charm meson
⚫ CP violation is smaller in charm than in beauty sector

   from relative phase between tree and penguin diagrams

  Max 𝑂(10−3) in the standard model, but may be enhanced by new physics

⚫ CPV only observed in one channel

  LHCb in Δ𝐴𝐶𝑃(𝐷0 →  𝐾+𝐾−, 𝜋+ 𝜋−) = (− 1.5 ± 0.3) × 10−3           

     &  𝐴𝐶𝑃  (𝐷0→ 𝐾+𝐾−) = (0.7 ± 0.6) × 10−3 

         ⇒ 𝐴𝐶𝑃(𝐷0 → 𝜋+𝜋−) = (2.3 ± 0.6) × 10−3

  Not yet clear if compatible with SM:

     non-perturbative QCD may affect predictions

 Need for measurements in different decay channels & by other experiments

 May sensitive to new physics contributions

Break U-spin symmetry

𝐴𝑐𝑝 𝐷 → 𝑓 =
Γ 𝐷 → 𝑓 − Γ ഥ𝐷 → ҧ𝑓

Γ 𝐷 → 𝑓 + Γ ഥ𝐷 → ҧ𝑓
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Flavor tag method

⚫ 𝑫∗ tagging:

   When 𝐷0 and ഥ𝐷0 have common final state, use 𝐷∗+ → 𝐷0𝜋+

  Slow 𝜋± indicate the flavor of 𝐷

  Most common method:

     ⇒Powerful background discrimination

     ⇒Efficiency ~25%, but very small mistag rate

⚫ Charm Flavor Tagger (CFT)

  New method developed at Belle II [PRD 107, 112010]           

                   BDT using rest-of-event particles, from the other charmed hadron & 
fragmentation

 ⇒ Trained based on simulation, calibrated using data

⚫ LHCb is good at charged tracks

⚫ Belle II better for cluster 



CP asymmetry in 𝑫𝟎 → 𝝅𝟎𝝅𝟎, 𝑫+ → 𝝅+𝝅𝟎
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The following sum-rule for CPV in 𝐷 → 𝜋𝜋 decays; it helps to determine the source of CPV

◆The 𝐵 and 𝜏 have been well-measured (by BESIII/BelleII/etc.)

◆ If 𝑅 ≠ 0, CPV from ∆I = 1/2 amplitude (D0 → π+π−); 

◆ if 𝑅 = 0 and at least one 𝐴𝐶𝑃
𝑑𝑖𝑟 ≠ 0, CPV from a beyond-SM ∆𝐼 = 3/2 amplitude. 

◆𝑅 = 0.9 ± 3.1 × 10−3,  err. dominated by 𝜋0𝜋0 

◆𝐴𝐶𝑃
𝑑𝑖𝑟 𝐷0 → 𝜋+𝜋− = (2.3 ± 0.6) × 10−3

◆Belle (II) have advantage on the  𝜋0 decay modes

Measurement of 𝑹 helps to figure out 
the amplitudes of 𝑫 meson CPV 

LHCb-CONF-2024-004



CP asymmetry in 𝑫𝟎 → 𝝅𝟎𝝅𝟎 PRD 112, 012006

⚫ Belle (980 fb−1): 𝐴𝑐𝑝 𝐷0 → 𝜋0𝜋0 = (−0.03 ± 0.64 ± 0.10)%

⚫ 15% less precision than Belle; BUT improved precision per luminosity.
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Raw asymmetry of 𝐷0 → 𝜋0𝜋0 from the 𝐷∗+ → 𝐷0𝜋𝑠
+ sample

𝑨𝒓𝒂𝒘 𝑫𝟎 → 𝝅𝟎𝝅𝟎 = 𝑨𝒄𝒑 𝑫𝟎 → 𝝅𝟎𝝅𝟎 + 𝑨𝒑𝒓𝒐𝒅
𝑫∗

+ 𝑨𝜺
𝝅𝒔 . 

𝐴𝑝𝑟𝑜𝑑
𝐷∗

: odd function of 𝑐𝑜𝑠𝜃∗ due to 𝛾 − 𝑍0 interference and higher-order effects, suppressed by:

           𝑨′𝒇 =
𝑨𝒇 𝒄𝒐𝒔 𝜽𝒄𝒎𝒔<𝟎 +𝑨𝒇 𝒄𝒐𝒔 𝜽𝒄𝒎𝒔>𝟎

𝟐

𝑨𝒄𝒑 𝑫𝟎 → 𝝅𝟎𝝅𝟎 = 𝑨′𝝅𝟎𝝅𝟎
− 𝑨′𝑲𝝅 + 𝑨′𝑲𝝅,𝒖𝒏𝒕𝒂𝒈 = (𝟎. 𝟑𝟎 ± 𝟎. 𝟕𝟐 ± 𝟎. 𝟐𝟎)%

Using 𝐷0 → 𝐾−𝜋+ as control sample (tagged or untagged), i.e.: ቐ
𝑨𝑲𝝅 = 𝑨𝒑𝒓𝒐𝒅

𝑫∗
+ 𝑨𝜺

𝝅𝒔 + 𝑨𝜺
𝑲𝝅 (𝒕𝒂𝒈)

𝑨𝑲𝝅 = 𝑨𝒑𝒓𝒐𝒅
𝑫𝟎

+ 𝑨𝜺
𝑲𝝅 (𝒖𝒏𝒕𝒂𝒈)

Belle II (428 fb−1):

[PRL 112 211601 (2014)]

𝒄𝒐𝒔 𝜽𝒄𝒎𝒔 > 𝟎 𝒄𝒐𝒔 𝜽𝒄𝒎𝒔 < 𝟎

⚫ 𝑅 = 1.5 ± 2.5 × 10−3,

      precision improved by ∼ 20% w.r.t current HFLAV result 
[PRD 107 (2023) 052008]



PRD 112, L031101
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⚫ Agree with previous measurements

⚫ Agree with CP symmetry

Split sample:

 𝑫+ from 𝑫∗+ → 𝑫+𝝅𝟎 decay or not

⚫ A 3.8σ CPV in the pionic mode D0 → π+π−. 

➢Unclear if observed CP violation can be 
described by the SM or not, due to large 
hadronic uncertainties

PRL 131, 051802 (2023)   PRD 108, 036026 (2023)   PRD 109, 033011 (2024)

⚫ Isospin-related modes D+ → π+π0 can reduce hadronic 
uncertainty.

⚫ In addition, D+ → π+π0 (ΔI = 3/2) is expected to have no 
CPV in SM

➢ since it does not receive QCD penguin (ΔI = 1/2) contribution

LHCb: 𝐴𝑐𝑝 𝐷+ → 𝜋+𝜋0 = −1.3 ± 0.9 ± 0.6 %

Belle: 𝐴𝑐𝑝 𝐷+ → 𝜋+𝜋0 = 2.31 ± 1.24 ± 0.23 %

Combined: 
𝐴𝑐𝑝 𝐷+ → 𝜋+𝜋0 = −1.8 ± 0.9 ± 0.1 %

PRD 97, 011101(2018)

JHEP 06, 019 (2021)

CP asymmetry in 𝑫+ → 𝝅+𝝅𝟎



PRD 113, 052006
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⚫ Largest CPV expected in singly Cabibbo-supressed D decays (in SM) 

⚫ Due to interference between tree and loop diagrams

⚫ Also, SCS decays are uniquely sensitive to new physics through penguin 
diagram 

CP asymmetry in 𝑫𝟎 → 𝝅+𝝅−𝝅𝟎



Summary

Experienced many challenges: operation, rising 

cost…

But, still lots of achievement! >50 publication in 

2025.

Make good use of Belle II unique advantages.

Now ~600/fb data, push to 1/ab before July. 5-

10/ab till 2032

20
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Thanks!
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Is the triangle closed? (Hint of New Physics?)

24

1995
2008

2012 2021

Before BaBar and Belle

• With results from BaBar, Belle, and LHCb’s 

Run1,2 data, the triangle is still closed.

• 𝜙1 = 𝛽 = arg(−
𝑉𝑐𝑑𝑉𝑐𝑏

∗

𝑉𝑡𝑑𝑉𝑡𝑏
∗ ), (22.2 ± 0.7)∘

• 𝜙2 = 𝛼 = arg(−
𝑉𝑡𝑑𝑉𝑡𝑏

∗

𝑉𝑢𝑑𝑉𝑢𝑏
∗ ),(85.2−4.3

+4.8)∘

• 𝜙3 = 𝛾 = arg(−
𝑉𝑢𝑑𝑉𝑢𝑏

∗

𝑉𝑐𝑑𝑉𝑐𝑏
∗ ),(66.2−3.6

+3.4)∘

• With much more data from LHCb and Belle II, 

we could shrink the uncertainty, test this triangle 

and look for hints from new physics. 

HFLAV



B el le

𝐵

“el”ectron nortce“le”

Υ(4𝑆)

𝐵
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