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In Dec. 2024, SuperKEKB achieved WR: 𝟓. 𝟏×𝟏𝟎𝟑𝟒 𝐜𝐦#𝟐𝐬#𝟏
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428 /fb

“Belle II has been designed to make precise measurements of weak interac9on parameters, study exo9c hadrons, and 
search for new phenomena beyond the Standard Model of par9cle physics.” -- from Belle II website homepage [link].

https://www.belle2.org/


Physics & Publications

𝚼(𝟏𝟎𝟕𝟓𝟑)

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

Ø 目前文章数(含arXiv等)：>100

Ø PRL占比：24% < Belle均值33%

奥利给！
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B CPV

B rare/forbidden

B	(semi-)leptonic

Belle+BABAR final result:
𝑆 = sin 2𝜙! = 0.677 ± 0.020

LHCb (PRL 132, 021801 (2024)):
𝑆 = 0.722 ± 0.014 ± 0.007

𝑩𝟎 → ⁄𝑱 𝝍𝑲𝑺
𝟎

its precision is
dominated by 
LHCb.

https://inspirehep.net/literature/2698798


𝐬𝐢𝐧 𝟐𝝓𝟏: 𝑩𝟎 → ⁄𝑱 𝝍𝝅𝟎

• first observation of non-zero S parameter
(mixing-induced CPV) in this mode

PRD 111 (2025) 012011

Tree Loop
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𝜙& = arg − ⁄𝑉'(𝑉')∗ 𝑉+(𝑉+)∗

https://inspirehep.net/literature/2839374


𝝓𝟐: 𝑩𝟎 → 𝝆$𝝆%

6%

Ø Extract 𝜙$ using this new result

• 𝐵, → 𝜌-𝜌#: much smaller loop contribution à dominates 𝜙. precision
• two 𝜋,’s reconstruction needed à a channel suitable for Belle II

PRD 111 (2025) 092001
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𝜙. = arg − ⁄𝑉+(𝑉+)∗ 𝑉/(𝑉/)∗

https://inspirehep.net/literature/2863319


𝑩 → 𝑲𝝂%𝝂：first evidence
High accuracy in the SM [PRD 107, 014511 (2023)]

𝓑(𝐁 → 𝐊𝛎:𝛎) = (5.6±0.4)×𝟏𝟎#𝟔
Extensions beyond SM may lead to significant 
rate increase.

𝓑 𝐁 → 𝐊𝛎:𝛎 = 𝟐. 𝟑 ± 𝟎. 𝟕 ×𝟏𝟎#𝟓 (3.5𝛔)

1.1𝛔

3.5𝛔

Inclusive tag Hadronic tag

PRD 109 (2024) 112006

Penguin: Box:

2.7σ

FC
N
C
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https://inspirehep.net/literature/2725943


𝑩 → 𝑿𝒔𝝂%𝝂 Search Preliminary result

Most stringent upper limit on the inclusive rate

K K*(892) non-res

Ø Main syst. error: MC statistics, background normalization

• Complimentary measurement to the exclusive 
𝐵→𝐾(*)𝜈𝜈 ̅ searches.
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Belle (II): charm super-factory

charm CPV

charmed baryon

charm spectrum

PS: no 𝛬67 sample



New charm wave: Charm CPV
• Charm CPV effect is very small (10-3 level or smaller); a sensitive probe for New Physics.

• 2019, LHCb: Δ𝐴23 𝐷, → 𝐾-𝐾#, 𝜋-𝜋# = −15.4 ± 2.9 ×10#4 (5.3σ)[1];
2023, LHCb: 𝐴23567 𝐷, → 𝜋-𝜋# = 2.32 ± 0.61 ×10#8 (3.8σ)[2]. 
è to understand this CPV, more results and more precise measurements are desired.

• CPV <2025: observed in all open-flavor meson sector, not yet in the baryon sector.
2025, LHCb: 𝐴23 𝛬), → 𝑝𝐾#𝜋-𝜋# = 2.45 ± 0.46 ± 0.10 % (5.2σ)[3].
è charmed baryon CPV, the last piece for heavy-flavor hadron CPV, yet to be observed.

[1]LHCb, PRL 122, 211803 (2019)
[2]LHCb, PRL 131, 091802 (2023)
[3]LHCb, Nature 643 (2025) 8074
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New charm wave.

Recent results at Belle II experiment

• 𝐴%&(𝐷' → 𝐾('𝐾('): PRD 111, 012015 (2025) +  PRD 112, 012017 (2025)

• 𝐴%&) (𝐷* → 𝐾('𝐾+𝜋*𝜋*): JHEP 04 (2025) 036 

• 𝐴%&(𝐷' → 𝜋'𝜋'): PRD 112, 012006 (2025)

• 𝐴%&(𝐷* → 𝜋*𝜋'): PRD 112, L031101 (2025)

• 𝐴%&(𝐷' → 𝜋*𝜋+𝜋'): preliminary result

• 𝐴%& Λ,* → 𝑝ℎ*ℎ+ , 𝐴%&(Ξ,* → Σ*ℎ*ℎ+): preliminary result

2/3/4-body decay

meson/baryon

https://inspirehep.net/literature/1726338
https://inspirehep.net/literature/2692262
https://inspirehep.net/literature/2902819
https://inspirehep.net/literature/2844984
https://inspirehep.net/literature/2914970
https://inspirehep.net/literature/2832416
https://inspirehep.net/literature/2918588
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715


Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎)
(one golden channel) 𝐴23 𝐷, → 𝐾9,𝐾9, may be enhanced to 1% level with the SM, by the interference
of 𝑐 → 𝑢𝑠𝑠̅ and 𝑐 → 𝑑𝑠𝑠̅ amplitudes. [PRD 99, 113001 (2019), PRD 92, 054036 (2015)]

EPJC 84 (2024) 1264
more precise result desired.

PRD 111, 012015 (2025)
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−3.1 ± 1.3 %  PRD 104 (2021) L031102

https://inspirehep.net/literature/2788405
https://inspirehep.net/literature/2844984
https://inspirehep.net/literature/1861934


Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎)

• such new tagged sample at Belle+Belle II:
𝐴%&(𝐷' → 𝐾('𝐾(') = +1.3 ± 2.0 ± 0.2 %

• combining it with that from D*+-tagged sample:
𝐴%&(𝐷' → 𝐾('𝐾(') = −0.6 ± 1.1 ± 0.1 %

most precise 

Ø An independent sample:
using opposite-side flavor tagging for 𝑒-𝑒# → 𝑐 ̅𝑐
[(Belle II) PRD 107, 112010 (2023)]

Ø LHCb 2025: 𝐴%& = 1.86 ± 1.04 ± 0.38 %

Ø Now W.A. 𝐴%& = −0.17 ± 0.62 ± 0.18 %

Belle
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PRD 112, 012017 (2025)

𝐴%& = −0.1 ± 3.0 ± 0.3 %

𝐴%& = +2.5 ± 2.7 ± 0.4 %

For details, see Xinchen’s talk at HQL2025

https://inspirehep.net/literature/2649274
https://inspirehep.net/literature/2914970
https://indico.ihep.ac.cn/event/25725/contributions/198369/
https://indico.ihep.ac.cn/event/25725/contributions/198369/


• The following sum-rule for Dàππ decays helps determine the source of CPV:

• Raw asymmetry of the tagged 𝐷7 → 𝜋7𝜋7 sample:
𝐴IJK = 𝐴LM 𝐷7 → 𝜋7𝜋7 + 𝐴MN

∗ + 𝐴O
P"

• 𝐴&-
∗"

: being an odd function of cos 𝜃∗ i.e. the cosine of the charmed-meson polar angle in 𝑒"𝑒# c.m.s
• 𝐴$

%#: using tagged and untagged 𝐷& → 𝐾#𝜋" samples

• Time-integrated CP asymmetry: 

where

Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝝅𝟎𝝅𝟎)
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• if 𝑅 ≠ 0, CPV: from ΔI=1/2 amplitude; if R=0 & a 𝐴'()*+ ≠ 0, CPV: from a beyond-SM ΔI=3/2 amplitude. 
• 𝐴'( 𝐷& → 𝜋"𝜋#  precision: leading by LHCb; first evidence of direct CPV in a specific D decay. 

PRD 112, 012006 (2025)

https://inspirehep.net/literature/2918588
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cos 𝜃∗ 𝐷∗" > 0         vs.     cos 𝜃∗ 𝐷∗" < 0 • Result at Belle II (428/fb):

𝐴23:
!:! = +0.30 ± 0.72 ± 0.20 %

èonly 15% less precise than Belle’s result (σ=0.65%)

based on 980/fb data [PRL 112, 211601 (2014)]

• Using our result,  𝐴23:
":#(LHCb), W.A. 𝐴23:

":!, 

Δ𝑌(LHCb), W.A. BR, and D lifetimes, 

 𝑅 = 1.5 ± 2.5 ×10#8 è 20% improved precision

Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝝅𝟎𝝅𝟎) PRD 112, 012006 (2025)

15

More CPV results for charmed mesons:

𝐷& → 𝜋"𝜋#𝜋&, 𝐷(-)" → 𝐾/&𝐾#𝜋"𝜋" (see backup)

https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/2918588
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Science Bulletin 68 (2023) 583Charm CPV: Charmed baryons

粲重子CPV ：Belle的结果之后，翘首以盼的Belle II的第一个结果呢?

https://inspirehep.net/literature/2138841
https://inspirehep.net/literature/2138841
https://inspirehep.net/literature/2138841
https://inspirehep.net/literature/2138841
https://inspirehep.net/literature/2138841


𝐴&' Λ($ → 𝑝ℎ$ℎ%, Ξ($ → Σ$ℎ$ℎ% 
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Preliminary result

• LHCb: Δ𝐴'(012 = 𝐴'( Λ3" → 𝑝𝐾"𝐾# − 𝐴'4
012(

)
Λ3" →

𝑝𝜋"𝜋# = 0.30 ± 0.91 ± 0.61 % [JHEP 03(2018)182]
• Assuming U-spin symmetry 

𝐴'( Λ3" → 𝑝𝐾"𝐾# + 𝐴'( Ξ3" → Σ"𝜋"𝜋# = 0
𝐴'( Λ3" → 𝑝𝜋"𝜋# + 𝐴'( Ξ3" → Σ"𝐾"𝐾# = 0

• Control sample:
• Ξ3" → Σ"ℎ"ℎ#: Λ3" → Σ"ℎ"ℎ#
• Λ3" → 𝑝ℎ"ℎ#: Λ3" → 𝑝𝜋"𝐾#, 𝐷& → 𝐾#𝜋"𝜋"𝜋#

• Belle II (428/fb) result:

• testing U-spin sum rules:

first ACP for 
3-body SCS 

More data desired.
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Belle (II): charm super-factory

charm CPV

charm spectrum

charmed baryon

PS: no 𝛬67 sample

近期成果多数由“Belle II劳模”
沈成平（复旦）课题组主导
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𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 & → 𝑫𝒔∗&𝜸 Preliminary result

• Precise nature of 𝐷!"∗ 2317 $ remains unresolved, underscoring the need for new and improved data.

• The width of 𝐷! 2317 $ is unknown: Γ 𝐷! 2317 $ < 3.8 MeV @95% CL. 

𝑅 =
ℬ 𝐷- 2317 " → 𝐷-∗"𝛾
ℬ 𝐷- 2317 " → 𝐷-"𝜋&

= [7.14 ± 0.70 ± 0.23]%

10.1σ

李郁博(西交)+沈成平(复旦)为主导



Charmed baryon decay
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JHEP 10(2024)045, JHEP 03(2025)061, 
JHEP 08(2025)195, Preliminary result

⁄𝐵 Ξ$% → Ξ%𝜋% 𝐵 Ξ$% → Ξ&𝜋' = 0.48 ± 0.02 ± 0.07 

⁄𝐵 Ξ$% → Ξ%𝜂 𝐵 Ξ$% → Ξ&𝜋' = 0.11 ± 0.01 ± 0.01 

⁄𝐵 Ξ$% → Ξ%𝜂( 𝐵 Ξ$% → Ξ&𝜋' = 0.08 ± 0.02 ± 0.01 

⁄𝐵 Ξ$' → 𝑝𝐾)% 𝐵 Ξ$' → Ξ&𝜋'𝜋' = 2.47 ± 0.16 ± 0.07 % 

⁄𝐵 Ξ$' → Λ𝜋' 𝐵 Ξ$' → Ξ&𝜋'𝜋' = 1.56 ± 0.14 ± 0.09 % 

⁄𝐵 Ξ$' → Σ%𝜋' 𝐵 Ξ$' → Ξ&𝜋'𝜋' = 4.13 ± 0.26 ± 0.22 % 

⁄𝐵 Ξ$' → Σ'𝐾)% 𝐵 Ξ$' → Ξ&𝜋'𝜋' = 0.067 ± 0.007 ± 0.003 

⁄𝐵 Ξ$' → Ξ%𝜋' 𝐵 Ξ$' → Ξ&𝜋'𝜋' = 0.248 ± 0.005 ± 0.009 

⁄𝐵 Ξ$' → Ξ%𝐾' 𝐵 Ξ$' → Ξ&𝜋'𝜋' = 0.017 ± 0.003 ± 0.001

⁄𝐵 Ξ$% → Λ𝜋% 𝐵 Ξ$% → Ξ&𝜋' < xx% @90% 𝐶. 𝐿.

⁄𝐵 Ξ$% → Λ𝜂 𝐵 Ξ$% → Ξ&𝜋' = 𝑥𝑥𝑥 ± 0.91 ± 0.16 % 

⁄𝐵 Ξ$% → Λ𝜂( 𝐵 Ξ$% → Ξ&𝜋' = 𝑥𝑥𝑥 ± 0.82 ± 0.16 % 

BR	results	of	5 CF	and	7 SCS	decays of Ξ%
",$:

https://link.springer.com/article/10.1007/JHEP10(2024)045
https://link.springer.com/article/10.1007/JHEP03(2025)061
https://inspirehep.net/literature/2903318


Ø These two decays  proceed through a 
purely internal W-emission:

Ø First searches for these decays:

𝐵&,) → Σ* 2455 &&,)2Ξ*
+,)
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PRD 112 (2025) L051101

𝐵 𝐵" → Σ3""Ξ̀3# = 5.74 ± 1.11 ± 0.42#5.78"9.:; ×10#: 

𝐵 𝐵& → Σ3&Ξ̀3& = 4.83 ± 1.12 ± 0.37#&.<&"&.;9 ×10#: 

Vs. theoretical prediction by 
• the QCD sum rule [1]: 4×10#8; 
• diquark model [2]: 𝑂 10#:

[1]Nucl. Phys. B345, 137 (1990).         [2]Z. Phys. C 51, 445 (1991)

7.3σ

6.2σ

https://inspirehep.net/literature/2942810
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total 19/fb

Goal: understand the nature of Υ(10753)
Υ 10753 → 𝜔𝜒!":
PRL 130, 091902 (2023)
Υ 10753 → 𝜋#𝜋$Υ(𝑛𝑆):
JHEP 07 (2024) 116
Υ 10753 → 𝜔𝜂!:
PRD 109, 072013 (2024)
Υ 10753 → 𝐵(∗) 3𝐵(∗):
JHEP 10 (2024)114

Observed by Belle
[JHEP 10, 220 (2019)]



𝐞&𝐞+ → 𝛚𝛘𝐛𝐉 and 𝐞&𝐞+ → (𝛑&𝛑+𝛑𝟎)𝐧𝐨𝐧+𝛚𝛘𝐛𝐉
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Υ(10753) mass (10756.1±4.3) MeV/c9

Υ(10753) width (32.2±18.7) MeV

Both are consistent with results from 
e"e# → π"π#Υ(nS) [JHEP 07, 116 (2024)]

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

This may indicate the difference in internal 
structures of Υ(10753) and Υ(10860). 

Preliminary result

𝒔 ~ 10.75 GeV

𝒔 ~ 10.867 GeV

贾森（东南）+沈成平（复旦）为主导
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arXiv:2509.01917 [hep-ex]
arXiv:2508.16036 [hep-ex]𝑒&𝑒+ → 𝜂Υ 1,2𝑆 , 𝛾𝜒12 near 10.75 GeV

No Υ 1𝑆  signal 

𝑒"𝑒# → 𝛾𝜒=>

Υ 5𝑆

Ø 𝑒$𝑒' → 𝜂Υ 1,2𝑆

Υ 10753

𝐵∗𝐵̀∗

3.2σ

6.0σ

𝜂 → 𝜋"𝜋#𝜋&

𝜂 → 𝛾𝛾

Ø 𝑒$𝑒' → 𝛾𝜒()

Also search for 𝑒"𝑒# → 𝛾𝑋=, where 𝑋= is 
the bottomonium-sector partner of 
X(3872). No evidence is found.

𝐵 Υ 10753 → 𝛾𝜒=5 < 10#8

https://inspirehep.net/literature/2965712
https://inspirehep.net/literature/2963303
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𝑒&𝑒+ → ℎ&ℎ+ ⁄𝐽 𝜓 (ℎ = 𝜋,𝐾, 𝑝) via ISR 

• indica9ve of the Y(4230/4320) state
• an excess near 4.1 GeV

• Evidence for 𝑍3 3900 ± (3.3σ)
• consistent with Belle/BESIII result

The precisions of cross section (h=K, π) based on Belle II (428/fb): 
• comparable to those from BaBar/Belle using ISR.
• less precise (5% and 10%) than those from BESIII via energy scans

Belle II: Looking forward to more luminosity; results from ISR or γγ process.

Preliminary result
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Belle II: a tau super-factory

Advantages at Belle II:

ü High luminosity

ü Good vertexing and tracking capabilities

ü Sophisticated trigger system and particle ID

𝜎 𝑒"𝑒# → 𝜏"𝜏# 𝛾 = 0.919	𝑛𝑏



tau LFV decays
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ℬ*+ 𝛕 → 𝛍𝛍𝛍 < 1.9×10', 
more restrictive than Belle

τ → µµµ

ℬ*+ 𝛕 → 𝐞(𝛍)𝑲𝒔𝟎 < 0.8(1.2)×10',: most stringent

ℬ*+ 𝝉' → 𝚲𝝅'(~𝜦𝝅') < 4.7(4.3)×10',: most stringent

JHEP 09 (2024) 062, PRD 110 (2024) 112003, JHEP 08 (2025) 092

https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2805696
https://inspirehep.net/literature/2805696
https://inspirehep.net/literature/2805696
https://inspirehep.net/literature/2914939
https://inspirehep.net/literature/2914939
https://inspirehep.net/literature/2914939


Summary
• Belle II: analyses more data (428/fb before 2023), develops new tools, recently achieved

fruitful results, including some world-leading results.

• B CPV/rare/hadronic, charm CPV/BF/𝛼/spectrum <- Recoiling/γ/π0/KS/ν etc.

𝑞5𝑞 and exotic, 𝜏 physics, (γγ physics) etc. <- special data at 𝑒t𝑒u collider
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• Now Belle II: 575/fb, only 1% of targeted 50/ab. 

• More data, more results + more ideas (from u)

• improvements as expected (未来“可期”)

+ unexpected excitements (未来可期)



高能物理团队@湖南师大

v固定教职工10人：

v粒子物理与核物理理论：8人

研究强子谱/CP破坏/格点QCD/核物理理论等

v粒子物理实验：2人

参加BESIII和Belle II实验

研究粲强子/CP破坏/(类)粲偶素等

v博士后1名；在读研究生~22人
（不完全统计有博士生3人+硕士生19人）

2025.9@⻓沙

诚邀专家学者莅临指导!
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Back up



Belle II big family
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成员人数排序（>80）：德国，日本，中国，美国，意大利



𝑩𝟎 → 𝑲∗𝟎𝝉$𝝉% arXiv:2504.10042

vs Belle: 3.1x10-3 [PRD 108 (2023) L011102]

Combina9ons of sub-track from τ lead 
to 4 categories: ℓℓ, ℓ𝜋, 𝜋𝜋, 𝜌𝑋
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https://inspirehep.net/literature/2911582


First charm wave: lifetimes
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most precise charm lifebmes:



𝑁@*A = 5130 ± 110
𝐴'( = −3.9 ± 1.8 ± 0.2 %

𝑁@*A = 18510 ± 240
𝐴'( = −1.1 ± 1.0 ± 0.1 %

Belle II (428/fb) result:
𝐴'( = −1.8 ± 0.9 ± 0.1 %

è most precise; and 30% improved precision

compared to Belle’s result σ=1.26% (980/fb)
[PRD 97, 011101 (2018)]

Using 𝐷" → 𝜋"𝐾/& (obtain ~1.6M signals)

to eliminate two common asymmetry

sources: 𝐴B+C)D + 𝐴$%
"
. Thus, the CP

asymmetry of interest is

𝐴'( = 𝐴+EF%"%$ − 𝐴+EF
%"G%

$
+ 𝐴HG$

Charm CPV: 𝑨𝑪𝑷(𝑫& → 𝝅&𝝅𝟎)
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PRD 112, L031101 (2025)

https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715


Charm CPV: 𝐴34 𝐷) → 𝜋&𝜋+𝜋)

Longke LI (李龙科), HNNU Recent results at Belle II experiment 35

Preliminary result

Time-integrated CP asymmetry using 428/fb@Belle II:
𝐴/0 𝐷" → 𝜋$𝜋'𝜋" = 0.29 ± 0.27 ± 0.13 %

• consistent with CP symmetry
• 35% more precise than the world’s best result from BaBar, 

despite an increase of only ~10%*Lumin.
Next step: Dalitz-plot- or time-dependent searches for CPV



Charm CPV: 𝐷(+)$ → 𝐾-.𝐾%𝜋$𝜋$

三重积变量： 四重积变量：

（10-3）

Belle 980/fb: 0.59%; Belle II 424/fb: 0.70%

精度4.5‰接近𝐴'(IJK 𝐷& → 𝜋"𝜋# = 2.3‰

Belle II⾸批粲CPV结果
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李龙科（湖南师大）为主导

https://inspirehep.net/literature/2832416

