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Belle and Belle II Experiments
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Charm physics at Belle and Belle II

Two primary mechanisms for charm production at Belle/Belle II:

1. 𝒆+𝒆− → 𝐜 ҧ𝐜 → 𝑿𝒄

• Absolute measurements not possible without reference

• Used for most analyses due to its simplicity compared to 𝐵 ത𝐵 processes

2. 𝒆+𝒆− → 𝚼 𝟒𝑺 → 𝑩ഥ𝑩 → 𝑿𝒄

• Precise 𝐵 ത𝐵 cross section allows for absolute measurements
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CPV in Charm
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CPV in 𝑫 → 𝝅𝝅
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CP asymmetry in 𝑫+ → 𝝅+𝝅𝟎

⚫ The physics variable that we are interested is 𝑨𝑪𝑷(𝑫
+ → 𝝅+𝝅𝟎) =

𝚪 𝑫+→𝝅+𝝅𝟎 −𝚪(𝑫−→𝝅−𝝅𝟎)

𝚪 𝑫+→𝝅+𝝅𝟎 +𝜞(𝑫−→𝝅−𝝅𝟎)

⚫ But the variable easily accessed in exp is 𝑨𝒓𝒂𝒘
𝝅𝝅 =

𝐍 𝑫+→𝝅+𝝅𝟎 −𝐍(𝑫−→𝝅−𝝅𝟎)

𝐍 𝑫+→𝝅+𝝅𝟎 +𝐍(𝑫−→𝝅−𝝅𝟎)

⚫ 𝐴𝑟𝑎𝑤
𝜋𝜋 is related by 𝑨𝑪𝑷

𝝅𝝅 = 𝑨𝒓𝒂𝒘
𝝅𝝅 − (𝑨𝒑𝒓𝒐𝒅

𝑫 + 𝑨𝝐
𝝅)→

↓
use 𝑫+ → 𝝅+𝑲𝑺

𝟎 as a control 

mode to estimate this

nuisance asymmetries

𝑨𝑪𝑷
𝝅𝝅 = 𝑨𝒓𝒂𝒘

𝝅𝝅 − 𝑨𝒓𝒂𝒘
𝝅𝑲𝑺 + 𝑨𝑲𝑺
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Signal mode 

Control mode 

PRD 112, L031101 (2025)



CP asymmetry in 𝑫+ → 𝝅+𝝅𝟎

Control mode

Signal mode

Signal mode

Control mode

7

PRD 112, L031101 (2025)



CP asymmetry in 𝑫𝟎 → 𝝅𝟎𝝅𝟎 arXiv:2505.02912

𝑐𝑜𝑠𝜃 > 0 𝑐𝑜𝑠𝜃 < 0

Δ𝑚 = 𝑀𝐷∗+ −𝑀𝐷0

𝑐𝑜𝑠𝜃 > 0 𝑐𝑜𝑠𝜃 < 0

Δ𝑚 = 𝑀𝐷∗+ −𝑀𝐷0 Tagged

Control modeSignal mode
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PRD 112, 012006 (2025)



CP asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎 PRD 111, 012015 (2025)

PRD 112, 012017 (2025)

⚫ The CP asymmetry
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(𝑆𝐶𝑆)



CP asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎 PRD 111, 012015 (2025)
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Signal mode

Using 𝐷∗ tag 

method



CP asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎 PRD 111, 012015 (2025)
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Control mode



CP asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎

Combine Belle and Belle II:

𝑨𝑪𝑷 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎 = 𝟏. 𝟑 ± 𝟐. 𝟎 ± 𝟎. 𝟑 %
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PRD 112, 012017 (2025)

Using charm 

flavor tagger



CP asymmetry in 𝑫𝟎 → 𝝅+𝝅−𝝅𝟎
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Preliminary result



CP asymmetry in 𝚵𝐜
+ → 𝚺+𝒉+𝒉− and 𝚲𝒄

+ → 𝒑𝒉+𝒉−

Preliminary result
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Ξc
+ → Σ+𝐾+𝐾−

Ξc
+ → Σ+𝜋+𝜋−

Λ𝑐
+ → 𝑝𝐾+𝐾−

Λ𝑐
+ → 𝑝𝜋+𝜋−

Measured 𝐴𝐶𝑃:



Summary of CPV in charm
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2025 Published and to be published!



Charm baryon decays



𝚵𝒄
+ → 𝚺+𝐊𝐒

𝟎,𝚵𝟎𝝅+,𝚵𝟎𝑲+,𝒑𝑲𝑺
𝟎,𝚲𝝅+,𝚺𝟎𝝅+

JHEP 03(2025) 061JHEP08(2025)195𝚺+𝐊𝐒
𝟎

𝚵𝟎𝝅+

𝚵𝟎𝑲+

𝒑𝑲𝑺
𝟎

𝚲𝝅+

𝚺𝟎𝝅+
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𝚵𝒄
+ → 𝚺+𝐊𝐒

𝟎,𝚵𝟎𝝅+,𝚵𝟎𝑲+,𝒑𝑲𝑺
𝟎,𝚲𝝅+,𝚺𝟎𝝅+

JHEP 03(2025) 061JHEP08(2025)195

𝑩𝒔𝒊𝒈

𝑩𝒓𝒆𝒇
=
𝒚𝒔𝒊𝒈 × 𝑩𝒔𝒊𝒈

′

𝒚𝒓𝒆𝒇 × 𝑩𝒓𝒆𝒇
′Ratio of BF between signal and reference mode: 

For the first time

Improved precision
For the first time
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𝚵𝒄
+ → 𝚺+𝐊𝐒

𝟎,𝚵𝟎𝝅+,𝚵𝟎𝑲+,𝒑𝑲𝑺
𝟎,𝚲𝝅+,𝚺𝟎𝝅+

First or most precise measurements! 

JHEP 03(2025) 061JHEP08(2025)195
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Spectroscopy



First observation of 𝑫𝒔𝟎
∗ 𝟐𝟑𝟏𝟕 + → 𝑫𝒔

∗+𝜸 Preliminary result
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⚫ 𝐷𝑠0
∗ (2317) draws s significant attention 

as its mass significantly lower than 

expectation

⚫ Its radiative transition will provide a 

direct experimental constraint on various 

theoretical models.



First observation of 𝑫𝒔𝟎
∗ 𝟐𝟑𝟏𝟕 + → 𝑫𝒔

∗+𝜸 Preliminary result
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BF of 𝑩+,𝟎 → 𝚺𝐜 𝟐𝟒𝟓𝟓
++,𝟎ഥ𝚺𝐜

−,𝟎 PRD 112 L051101 (2025)
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Summary
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⚫Belle II collected 575 fb−1 of data + Belle 1 ab−1 ≈ 1.5 ab−1

⚫ Presented recent measurements of CP asymmetries in charm:

• Consistent with CP symmetries.

• Most precise measurement of 𝐴𝐶𝑃(𝐷
0 → 𝐾𝑆

0𝐾𝑆
0) and 𝐴𝐶𝑃 𝐷0 → 𝜋+𝜋−𝜋0

• First measurement of 𝐴𝐶𝑃 in SCS three-body charm baryon decays

⚫ Presented BF measurement of charmed baryons and study of the 𝐷𝑠0
∗ (2317)

⚫ First observation of B meson decay to a sixtet and an antitriplet charmed baryon pair.

⚫Belle II resumes operations in November.  Stay tuned for more results!!

Thanks for your attention!



Backup 
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CP asymmetry in 𝑫+ → 𝝅+𝝅𝟎 PRD 112, L031101 (2025)

⚫ 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 (𝐼 = 2) is expected to have no CPV in SM

➢ since it does not receive QCD penguin (Δ𝐼 = 1/2) contribution and has suppressed electroweak penguin contribution.

History of 𝑨𝒄𝒑(𝑫
+ → 𝝅+𝝅𝟎):

LHCb: 𝐴𝑐𝑝 𝐷+ → 𝜋+𝜋0 = −1.3 ± 0.9 ± 0.6 %Belle: 𝐴𝑐𝑝 𝐷+ → 𝜋+𝜋0 = 2.31 ± 1.24 ± 0.23 %

Belle 𝐷∗-tagged Belle null-tagged

PRD 97, 011101(2018)

JHEP 06, 019 (2021)
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CP asymmetry in 𝑫𝟎 → 𝝅𝟎𝝅𝟎 PRD 112, 012006 (2025)

➢ Belle reported 𝐴𝐶𝑃 𝐷0 → 𝜋0𝜋0 = −0.03 ± 0.64 ± 0.10 % using 980 fb−1 datasets.

PRL 112, 211601 (2014)
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CP asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎 PRD 111, 012015 (2025)
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peaking background



CP asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎
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PRD 112, 012017 (2025)



Search for CPV in 𝑫(𝒔)
+ → 𝑲𝑺

𝟎𝑲−𝝅+𝝅+ JHEP 04 (2025) 036

30

These amplitudes interfere with one another, potentially giving rise to CPV

𝑋 = 𝐶𝑇𝑃 ≡ Ԧ𝑝𝑗 × Ԧ𝑝𝑘 · Ԧ𝑝𝑖



Search for CPV in 𝑫(𝒔)
+ → 𝑲𝑺

𝟎𝑲−𝝅+𝝅+ JHEP 04 (2025) 036

No evidence for CPV found!
31

𝐴𝑐𝑝
𝐶𝑇𝑃(𝐷+) = −2.3 ± 4.5 ± 1.5 × 10−3

𝐴𝑐𝑝
𝐶𝑇𝑃(𝐷𝑠

+) = 0.2 ± 2.4 ± 0.8 × 10−3



CP asymmetry in 𝚵𝐜
+ → 𝚺+𝒉+𝒉− and 𝚲𝒄

+ → 𝒑𝒉+𝒉−

Preliminary result

⚫ There is a U-spin sum rule equivalent to the one that connects 𝐷0 → 𝐾𝐾, 𝜋𝜋, links the SCS 

decays Ξc
+ → Σ+ℎ+ℎ− and Λ𝑐

+ → 𝑝ℎ+ℎ− (ℎ = 𝐾, 𝜋) [PRD 99,032005(2019)]:

𝐴𝐶𝑃
𝑑𝑖𝑟 Λ𝑐

+ → 𝑝𝐾+𝐾− + 𝐴𝐶𝑃
𝑑𝑖𝑟 Ξc

+ → Σ+𝜋+𝜋− = 0

𝐴𝐶𝑃
𝑑𝑖𝑟 Λ𝑐

+ → 𝑝𝜋+𝜋− + 𝐴𝐶𝑃
𝑑𝑖𝑟 Ξc

+ → Σ+𝐾+𝐾− = 0

⚫ Assuming U-spin symmetry:

𝐴𝐶𝑃 Λ𝑐
+ → 𝑝𝐾+𝐾− + 𝐴𝐶𝑃 Ξc

+ → Σ+𝜋+𝜋− = 0
𝐴𝐶𝑃 Λ𝑐

+ → 𝑝𝜋+𝜋− + 𝐴𝐶𝑃 Ξc
+ → Σ+𝐾+𝐾− = 0

⚫ Measurement by LHCb [JHEP03(2018)182]:
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