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SuperKEKB and Belle II
• SuperKEKB: upgrade of asymmetric 𝑒+𝑒− collider 

KEKB with 𝑒+ (𝑒−) beam energy at 4.0 (7.0) GeV.

“Nano-beam”

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

• Belle II: upgrade of Belle detector at the IP of SuperKEKB.

New detectors: vertexing 
detectors (PXD, SVD), 
tracking and PID systems 
(CDC, TOP, ARICH)
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Belle and Belle II datasets

Belle (1999 - 2010)

Belle II: RUN-I (2019 - 2022); RUN-II (2024 - now)

New peak luminosity :
ℒ = 5.24 × 1034𝑐𝑚−2𝑠−1 (March 19, 2026) 

From Feb. 2026 to the present, a total of >100 fb−1 of 
data has been accumulated.
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Charm production at Belle II

Two ways of producing charm at B-factories.

𝜎(𝑒+𝑒−  → 𝑐 ҧ𝑐)~1.3nb 𝜎(𝑒+𝑒−  → 𝛶(4𝑆))~1.05nb

ℬ 𝐵 → 𝛬𝑐
+ + 𝑋 ~10−2

All the results presented today are derived from continuum processes.
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CPV in Charm
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How do we measure 𝐴𝐶𝑃?

𝐴𝐶𝑃(𝐷 → 𝑓) =
𝛤(𝐷 → 𝑓) − 𝛤(ഥ𝐷 → ҧ𝑓)

𝛤(𝐷 → 𝑓) + 𝛤(ഥ𝐷 → ҧ𝑓)

We want We measure

𝐴𝑟𝑎𝑤(𝐷 → 𝑓) =
𝑁(𝐷 → 𝑓) − 𝑁(ഥ𝐷 → ҧ𝑓)

𝑁(𝐷 → 𝑓) + 𝑁(ഥ𝐷 → ҧ𝑓)

related by 

𝐴𝑟𝑎𝑤
𝑠𝑖𝑔

= 𝐴𝐶𝑃
𝑠𝑖𝑔

+ 𝐴𝑑𝑒𝑡 + 𝐴𝑝𝑟𝑜𝑑

To subtract these effects, we measure 𝐴𝐶𝑃 in another control  
channel (cc) where it’s either known or expected to be zero

𝐴𝑟𝑎𝑤
𝑐𝑐 = 𝐴𝐶𝑃

𝑐𝑐 + 𝐴𝑑𝑒𝑡 + 𝐴𝑝𝑟𝑜𝑑

known or null can also remove averaging on 
𝐷 production angle 𝜃∗

and measure the signal 𝐴𝐶𝑃 as

𝐴𝐶𝑃
𝑠𝑖𝑔

= 𝐴𝑟𝑎𝑤
𝑠𝑖𝑔

− 𝐴𝑟𝑎𝑤
𝑐𝑐 + 𝐴𝐶𝑃

𝑐𝑐
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CP asymmetry in 𝐷 → 𝜋𝜋
 𝐷0 → 𝜋+𝜋−

• The only channel with > 3σ evidence of CPV in charm [PRL 131, 091802 (2023)].
• The SM generates CPV through interference of a tree-level and suppressed QCD loop amplitude 

𝛥𝐼 = 1/2 (𝐼=isospin) [PRD 85, 114036 (2012)].

 𝐷+ → 𝜋+𝜋0

• 𝐼 = 2 and can be reached from the 𝐼 = 1/2 initial state only via a 𝛥𝐼 = 3/2 transition.
• In SM, no direct CPV is expected.

 𝐷0 → 𝜋0𝜋0

• Can have 𝐼 = 0 or 𝐼 = 2 and hence can have nonzero direct CP asymmetries in SM.

✓ The following sum-rule for CPV in 𝐷 → 𝜋𝜋 decays; it helps to determine the source of CPV:

✓ if 𝑅 ≠ 0, CPV from 𝛥𝐼 = 1/2 amplitude.

✓ If 𝑅 = 0 and at least one 𝐴𝐶𝑃
𝑑𝑖𝑟 ≠ 0, CPV from a beyond-SM 𝛥𝐼 = 3/2 amplitude.

✓ 𝑅 = 0.9 ± 3.1 × 10−3, uncertainty is dominated by 𝐷0 → 𝜋0𝜋0 mode.

[EPJC 83, 279 (2023); 
PRD 107, 052008 (2023)]
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𝐴𝐶𝑃 𝐷+ → 𝜋+𝜋0

• In SM, the no CPV is expected in 𝐷+ → 𝜋+𝜋0 decay.
• Utilizing split sample: 𝐷+ from 𝐷∗+ → 𝐷+𝜋0 decay or not.

Signal 
mode

Control 
mode

30% improved precision compared to Belle (921 fb−1):
(+2.31 ± 1.24 ± 0.23)% [PRD 97, 011101 (2018)].

[PRD 112, L031101 (2025)]

Tagged Null-tag

Yield 5130 ± 110 18510 ± 240

𝐴𝑟𝑎𝑤 (−2.9 ± 1.8)% (−0.4 ± 1.0)%

Tagged Null-tag

Yield 5130 ± 110 18510 ± 240

𝐴𝑟𝑎𝑤 (−2.9 ± 1.8)% (−0.4 ± 1.0)%

• Using 428 fb−1 data, Belle II obtains 

𝐴𝐶𝑃 = −3.9 ± 1.8 ± 0.2 %

𝐴𝐶𝑃 = −1.1 ± 1.0 ± 0.1 %

𝐴𝐶𝑃 = −1.8 ± 0.9 ± 0.1 %

For 𝐷∗+ − tagged sample

For null−tag sample

Combined result

Control mode: 𝐷+ → 𝜋+𝐾𝑆
0

Signal mode
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𝐴𝐶𝑃 𝐷0 → 𝜋0𝜋0

• The 𝐷0  decays are required to originate from the flavor-conserving 𝐷∗+ → 𝐷0𝜋+  decay.
• Taking 𝐷0 → 𝐾−𝜋+ samples as control channel.

• Result at Belle II (428 fb−1):

𝐴𝐶𝑃(𝐷0→ 𝜋0𝜋0) = 0.30 ± 0.72 ± 0.20 %

Signal mode Control mode

➢ Consistent with CP symmetry and with Belle (980 fb−1): 
(−0.03 ± 0.64 ± 0.10)% [PRL 112, 211601 (2014)].

➢ 15% less precise than Belle, but with < 50% datasets.

• Using our result, 𝐴𝐶𝑃
𝜋+𝜋−

(LHCb), W.A. 𝐴𝐶𝑃
𝜋+𝜋0

, 

𝛥𝑌(LHCb), W.A. ℬ and D lifetimes, 

𝑅 = 1.5 ± 2.5 × 10−3

20% improved precision

[PRD 112, 012006 (2025)] 



Signal 
mode

Control 
mode
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• The 𝐷0 mesons are required to originate from the 𝐷∗+ → 𝐷0𝜋𝑡𝑎𝑔
+ .

34% improved precision compared to Babar (385 fb−1): 
(0.31 ± 0.41 ± 0.17)%[PRD 78, 051102 (2008)].

[PRD 113, 052006 (2026)]

𝐴𝐶𝑃 𝐷0 → 𝜋+𝜋−𝜋0

• Using tagged and untagged 𝐷0 → 𝐾−𝜋+ to eliminate common 
asymmetry sources.

• The data are divided into eight cos𝜃𝐶M bins to cancel the 
production asymmetry.

𝐴𝐶𝑃 = 0.29 ± 0.27 ± 0.13 %



𝛬𝑐
+ → 𝑝𝐾+𝐾− 𝛬𝑐

+ → 𝑝𝜋+𝜋−

𝛯𝑐
+ → Σ+𝐾+𝐾−

𝛯𝑐
+ → Σ+𝜋+𝜋−
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𝐴𝐶𝑃 𝛯𝑐
+ → 𝛴+ℎ+ℎ−, 𝛬𝑐

+ → 𝑝ℎ+ℎ−

𝐴𝐶𝑃 𝛯𝑐
+ → 𝛴+𝜋+𝜋− + 𝐴𝐶𝑃 𝛬𝑐

+ → 𝑝𝐾+𝐾− = (13.4 ± 7.0 ± 0.9)%

𝐴𝐶𝑃 𝛯𝑐
+ → 𝛴+𝐾+𝐾− + 𝐴𝐶𝑃 𝛬𝑐

+ → 𝑝𝜋+𝜋− = (4.0 ± 6.6 ± 0.7)%

[PRD 113, 032017 (2026)]

• First measurement of 𝐴𝐶𝑃 in singly-Cabibbo- 

suppressed three-body charmed baryon decays.

• Taking 𝛬𝑐
+ → 𝛴+ℎ+ℎ− , 𝛬𝑐

+ → 𝑝𝜋+𝐾− , and  

𝐷0 → 𝐾−𝜋+𝜋+𝜋− as control channels. 

• Using 428 fb−1 data, Belle II obtains 

𝐴𝐶𝑃 𝛯𝑐
+ → 𝛴+𝐾+𝐾− = (3.7 ± 6.6 ± 0.6)%

𝐴𝐶𝑃 𝛯𝑐
+ → 𝛴+𝜋+𝜋− = (9.5 ± 6.8 ± 0.5)%

𝐴𝐶𝑃 𝛬𝑐
+ → 𝑝𝐾+𝐾−  = (3.9 ± 1.7 ± 0.7)%

𝐴𝐶𝑃 𝛬𝑐
+ → 𝑝𝜋+𝜋− = (0.3 ± 1.0 ± 0.2)%

• Test U-spin sum rules: 
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Summary of CPV in charm

Channel 𝐴𝐶𝑃 References

𝐷+ → 𝜋+𝜋0 −1.8 ± 0.9 ± 0.1 % PRD 112, 012006 (2025)

𝐷0 → 𝜋0𝜋0 +0.30 ± 0.72 ± 0.20 % PRD 97, L031101 (2025)

𝐷0 → 𝜋+𝜋−𝜋0 +0.29 ± 0.27 ± 0.13 % PRD 113, 052006 (2026)

𝐷0 → 𝐾𝑆
0𝐾𝑆

0 −0.6 ± 1.1 ± 0.1 %
PRD 111, 012015 (2025)
PRD 112, 012017 (2025)

𝐷+, 𝐷𝑠
+ → 𝐾𝑆

0𝐾−𝜋+𝜋+ +3.9 ± 4.5 ± 1.1 %, −0.2 ± 2.5 ± 1.1 % JHEP 04 (2025) 036

𝛬𝑐
+ → 𝛬𝐾+, 𝛴0𝐾+ +2.1 ± 2.6 ± 0.1 %, +2.5 ± 5.4 ± 0.4 % Sci. Bull. 68 (2023) 583

𝛬𝑐
+ → 𝑝𝐾+𝐾−, 𝛬𝑐

+ → 𝑝𝜋+𝜋− +3.9 ± 1.7 ± 0.7 %, +0.3 ± 1.0 ± 0.2 % PRD 113, 032017 (2026)

𝛯𝑐
+ → 𝛴+𝐾+𝐾−, 𝛯𝑐

+ → 𝛴+𝜋+𝜋− +3.7 ± 6.6 ± 0.6 %, +9.5 ± 6.8 ± 0.5 % PRD 113, 032017 (2026)
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Charm hadron decays
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𝛯𝑐
0 and 𝛯𝑐

+ decays
 Decay amplitudes of charmed baryons receive contribution from factorizable and non-factorizable

terms,
• e.g. W-emission and W-exchange that indroduce significant challenges in theoretical calculation

The absolute 𝛯𝑐
0,+  yields are not well known, relative branching fractions are measured using 𝛯𝑐

0 →
Ξ−𝜋+ and 𝛯𝑐

+ → Ξ−𝜋+𝜋+ as reference channels.
ℬsig

ℬref
=

Nsig × ϵref

Nref × ϵsig

ℬref(𝛯𝑐
0 → Ξ−𝜋+) = (1.80 ± 0.52)%

ℬref(𝛯𝑐
+ → Ξ−𝜋+𝜋+) = (2.9 ± 1.3)%

[PRD 113, 032015 (2026)]

[PRL 122, 082001 (2019); PRD 100, 031101 (2019)]
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𝛯𝑐
0 and 𝛯𝑐

+ decays

• Using combined Belle and Belle II  data (1.4 ab−1), many two-
body hadronic decays of 𝛯𝑐

0 and 𝛯𝑐
+ are measured.  

𝛯𝑐
+ → 𝑝𝐾𝑆

0

𝛯𝑐
+ → Λ𝜋+

𝛯𝑐
+ → Σ0𝜋+

Belle + Belle II Belle + Belle II

𝛯𝑐
0 → 𝛬𝜂′

𝛯𝑐
0 → 𝛬𝜂

𝛯𝑐
+ → 𝛯0𝐾+ 𝛯𝑐

+ → 𝛯0𝐾+

[PRD 113, 032015 (2026)]

[JHEP 03 (2025) 061]

[JHEP 08 (2025) 195]

5.3σ 3.3σ



-16-

𝛯𝑐
0 and 𝛯𝑐

+ decays

First or most precise measurements of branching fractions!

[JHEP 08 (2025) 195 [JHEP 03 (2025) 061

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

• These measurements serve as experimental 
inputs to constrain and test the quark model, 
the pole model (Pole), current algebra (CA), 
and SU(3) flavor symmetry.

[PRD 113, 032015 (2026)]
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First observation of 𝐷𝑠0
∗ 2317 + → 𝐷𝑠

∗+γ

• The 𝐷𝑠0
∗ 2317 + → 𝐷𝑠

+𝜋0 was first observed by Babar in 2003 [PRL 90, 242001 (2003)].
Mass of 𝐷𝑠0

∗ 2317 + is much lower than the quark 
model predictions of the lowest 𝑐 ҧ𝑠 mesons with  
𝐽𝑃 = 0+

• Modifying the 𝑐 ҧ𝑠 quark model
• 𝐷∗𝐾 hadronic molecule
• Compact tetraquarks
• Chiral partners of the ground states 𝐷𝑠

∗

Partial decay widths:
unique in discriminating between various models

• The 𝐷𝑠0
∗ 2317 + → 𝐷𝑠

∗+𝛾 was searched from by CLEO, Belle, and Babar , but no signals were found.

CLEO, 13.5 fb−1 
[PRD 68, 032002 (2003)]

Babar, 236 fb−1 
[PRD 74, 032007 (2006)]

Belle, 87 fb−1 
[PRL 92, 012002 (2004)]
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Using all Belle data (983 fb−1) and Belle II data (428 fb−1)

• Target: 𝐷𝑠0
∗ 2317 + → 𝐷𝑠

∗+𝛾
• Control channel: 𝐷𝑠0

∗ 2317 + → 𝐷𝑠
+𝜋0 [ℬ = (100−20

+0 )%]

> 𝟏𝟎𝝈

[arXiv: 2510.27174]

𝐷𝑠0
∗ 2317 + could be the mixture state 

of pure 𝑐 ҧ𝑠 state and molecular state.

First observation of 𝐷𝑠0
∗ 2317 + → 𝐷𝑠

∗+γ
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Summary

• The Belle II physics program has strong potential for charm physics, especially in 
measurements of CPV in meson and baryon decays.

     —Belle and Belle II are actively producing and analyzing data jointly.

• The SuperKEKB accelerator continues to break world records for instantaneous luminosity. 
On Mar. 19, it achieved a peak luminosity of 5.24 × 1034cm−2s−1. 

• Belle II: new data + new vertex detectors + new software tools.

• Only 2% of target luminosity collected so far. Stay tuned for more exciting results from 
Belle II.

Thanks for your attention!
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Backup 
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CPV in charm
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Comparison of available charm samples

From Prof. Longke LI
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