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SuperKEKB

𝐬 ~ 10.58 GeV
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Nano-beam

𝐵 #𝐵 thres.

In Dec. 2024, SuperKEKB achieved WR: 𝟓. 𝟏×𝟏𝟎𝟑𝟒 𝐜𝐦#𝟐𝐬#𝟏
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Detector & Luminosity

Belle II homepage: “Belle II has been designed to make precise measurements of weak 
interaction parameters, study exotic hadrons, and search for new phenomena beyond the 
Standard Model of particle physics.”

The Belle II Detector
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Belle II physics

𝚼(𝟏𝟎𝟕𝟓𝟑)

The Belle II Physics Book [PTEP 2019 (2019) 12, 123C01]
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B CPV
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𝐵 #𝐵 thres.



𝐬𝐢𝐧 𝟐𝝓𝟏 precise measurement

S=
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as a typical achievement of 1st generation 
asymmetric B-factories.

Belle II Highlights

This discovery provides the exp. support for the
Nobel prize of Kobayashi and Maskawa in 2008

(LP2001)Belle+BABAR: First 
observed CPV in B >6σ

Precision measurement
Reference for NP



𝐬𝐢𝐧 𝟐𝝓𝟏: 𝑩𝟎 → ⁄𝑱 𝝍𝑲𝑺
𝟎

Large mixing-induced
CPV par: its precision is
dominated by LHCb.

what else can Belle II do?

CPV
par.

Belle II (362 fb-1)
PRD 119, 012002 (2024)

Belle (711 fb-1)
PRL 108, 171802 (2012)

S 0.724 ± 0.035 ± 0.009 0.670 ± 0.029 ± 0.013

C −0.035 ± 0.026 ± 0.029 −0.015 ± 0.021!"."$%&"."'(

(Belle II) PRD 110, 012001 (2024)

CPV
par.

LHCb (6 fb-1)
PRL 132, 021801 (2024)

S 0.722 ± 0.014 ± 0.007

C 0.015 ± 0.013 ± 0.003
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https://inspirehep.net/literature/2762190
https://inspirehep.net/literature/1085529
https://inspirehep.net/literature/2762190
https://inspirehep.net/literature/2762190
https://inspirehep.net/literature/2698798


𝐬𝐢𝐧 𝟐𝝓𝟏: 𝑩𝟎 → ⁄𝑱 𝝍𝝅𝟎

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

(Belle II) PRD 111 (2025) 012011

Tree Loop
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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

(Belle II) arXiv:2412.19624 (accepted)
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𝜙( = arg − ⁄𝑉)*𝑉)+∗ 𝑉-*𝑉-+∗

https://inspirehep.net/literature/2863319


𝝓𝟐: 𝑩𝟎 → 𝝅𝟎𝝅𝟎 (Belle II) PRD 111 (2025) L071102
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𝜙( = arg − ⁄𝑉)*𝑉)+∗ 𝑉-*𝑉-+∗

https://inspirehep.net/literature/2861324


Charm physics

Belle (II): a charm super-factory

1) e%e& → c$c (e.g. CPV searches)

2) B decays involving charmed 

hadrons (e.g. charm spectrum)
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Charm lifetime (first charm wave)
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most precise charm lifetimes:



Charm CPV (next charm wave)
• Charm CPV effect is very small (10-3 level or smaller); a sensitive probe for New Physics.
• 2019, charm CPV observation by LHCb1: ΔA./ 𝐷& → 𝐾'𝐾#, 𝜋'𝜋# = −15.4 ± 2.9 ×10#0 (5.3σ) 

2023, first evidence for direct CPV in a specific D decay2: 𝐴11234 = 2.32 ± 0.61 ×10#5. 
è to understand this CPV, more results and more precise measurements are desired.

• CPV before 2025: observed in all open-flavor meson sector, not yet in the baryon sector.
Recently, LHCb reported the first observation of baryon CPV in 𝛬'( → 𝑝𝐾&𝜋%𝜋& decays3.
è charmed baryon CPV, the last piece for heavy-flavor hadron CPV, to be observed.

• Recent charm CPV results at Belle II
• 𝐴"#(𝐷$ → 𝐾%$𝐾%$): PRD 111, 012015 (2025) +  arXiv:2504.15881 (preliminary result)

• 𝐴"#& (𝐷' → 𝐾%$𝐾(𝜋'𝜋'): JHEP 04 (2025) 036 

• 𝐴"#(𝐷$ → 𝜋$𝜋$): preliminary result

• 𝐴"#(𝐷' → 𝜋'𝜋$): preliminary result

1LHCb, PRL 122, 211803 (2019) 2LHCb, PRL 131, 091802 (2023) 3LHCb, arXiv:2503.16954

Longke Li (HUNNU) 14

New charm wave.

Belle II Highlights

https://inspirehep.net/literature/2844984
https://arxiv.org/abs/2504.15881
https://inspirehep.net/literature/2832416
https://inspirehep.net/literature/1726338
https://inspirehep.net/literature/2692262
https://inspirehep.net/literature/2902819


Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎)
• (one golden channel) 𝐴01 𝐷( → 𝐾2(𝐾2( may be enhanced to 1% level with the SM,

by the interf. of 𝑐 → 𝑢𝑠𝑠̅ and 𝑐 → 𝑑𝑠𝑠̅ amplitudes. [PRD 99, 113001 (2019), PRD 92, 054036 (2015)]

EPJC 84 (2024) 1264
more precise result desired.

(B+B2) 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


(B+B2) arXiv:2504.15881Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎)

Belle	sample	(980/fb):	
𝑁)*+ = 14 490 ± 340 and	𝐴"# = +2.5 ± 2.7 ± 0.4 %

Belle	II	sample	(428/fb):
𝑁)*+ = 5 180 ± 120 and	𝐴"# = −0.1 ± 3.0 ± 0.3 %

Combined result based on such new tagging:
𝐴"#(𝐷$ → 𝐾%$𝐾%$) = +1.3 ± 2.0 ± 0.2 %

Then combining it with that from D*+-tagged sample:
𝐴"#(𝐷$ → 𝐾%$𝐾%$) = −0.6 ± 1.1 ± 0.1 %

most precise (temporary) 

An independent sample: using opposite-
side flavor tagging for 𝑒%𝑒& → 𝑐 ̅𝑐 events 
[(B2) PRD 107, 112010 (2023)]

Ø B2+LHCb vs. CMS: 2.6σ diff à 2.1σ diff 

è Looking forward to LHCb’s updated result (9/fb)

Belle
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https://arxiv.org/abs/2504.15881


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

• Raw asymmetry of the tagged 𝐷( → 𝜋(𝜋( sample:

• 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

17

Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝝅𝟎𝝅𝟎)

Longke Li (HUNNU) Belle II Highlights 17

• if 𝑅 ≠ 0, CPV: from ΔI=1/2 amplitude; if R=0 & a 𝐴"#0*1 ≠ 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. 

(B2) Preliminary result
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cos 𝜃∗ 𝐷∗' > 0         vs.     cos 𝜃∗ 𝐷∗' < 0 

• Result at Belle II (428/fb):

𝐴671
)1) = +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,  𝐴671
*1+(LHCb), W.A. 𝐴671

*1), 

Δ𝑌(LHCb), W.A. BR, and D lifetimes, 

 𝑅 = 1.5 ± 2.5 ×10#5 

à20% improved precision

Charm CPV: 𝑨𝑪𝑷(𝑫𝟎 → 𝝅𝟎𝝅𝟎) (B2) Preliminary result

18

https://inspirehep.net/literature/1640639


𝑁)*+ = 5130 ± 110
𝐴"# = −3.9 ± 1.8 ± 0.2 %

𝑁)*+ = 18510 ± 240
𝐴"# = −1.1 ± 1.0 ± 0.1 %

Combined result at Belle II (428/fb):
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: 𝐴2130, + 𝐴./
"
. Thus, the CP

asymmetry of interest is

𝐴"# = 𝐴145/"/$ − 𝐴145
/"6%

$
+ 𝐴76$

Charm CPV: 𝑨𝑪𝑷(𝑫% → 𝝅%𝝅𝟎)
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(B2) Preliminary result

https://inspirehep.net/literature/1640639


Charm CPV: 𝑨𝑪𝑷&'(𝑫% → 𝑲𝑺
𝟎𝑲(𝝅%𝝅%) (B+B2) JHEP 04 (2025) 036
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• For four-body decays, TP asymmetry is used for CPV searches.

𝑋 = 𝐶8#

#𝑋 = 𝜂"#𝐶8#

Available large sample of 𝑫' → 𝑲𝑺
𝟎𝑲(𝝅'𝝅'; but no CPV searches.

https://inspirehep.net/literature/2832416


Charm CPV: 𝑨𝑪𝑷𝑿 (𝑫% → 𝑲𝑺
𝟎𝑲(𝝅%𝝅%) (B+B2) JHEP 04 (2025) 036

• CPV searches using triple-product (TP): 

• First CPV search using quadruple-product (QP): 

• Using six X-variables considering angular-related amplitude terms.

More observables? CPV searches via PWA
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Thank Fu-Sheng Yu and Zhen-Hua Zhang for valuable and helpful discussions.

https://inspirehep.net/literature/2832416


Charm CPV in charmed baryon decays
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No results yet at Belle II…… some results on the road. Please stay tuned.

(Belle) Science Bulletin 68 (2023) 583

(e.g. Λ,& → 𝑝ℎ&ℎ!, Λ,& → Λ𝐾-"ℎ&, Ξ,& → Σ&ℎ&ℎ!, etc.)

https://inspirehep.net/literature/2138841


Charmed baryons
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(B+B2) JHEP 10(2024)045, JHEP 03(2025)061, arXiv:2503.17643

B+B2	combined	BR	results	for	5 CF	and	4 SCS	decays:
⁄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 

Next step: 
• more channels
• absolute BR
• PWA (CF)
• CPV (SCS) 

https://link.springer.com/article/10.1007/JHEP10(2024)045
https://link.springer.com/article/10.1007/JHEP03(2025)061
https://arxiv.org/abs/2503.17643


B rare or forbidden decay
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Belle II homepage: “Belle II has been designed to make precise 
measurements of weak interaction parameters, study exotic 
hadrons, and search for new phenomena beyond the Standard 
Model of particle physics.”



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

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

𝓑 𝐁 → 𝐊𝛎N𝛎 = 𝟐. 𝟑 ± 𝟎. 𝟕 ×𝟏𝟎#𝟓 (3.5𝛔)

1.1𝛔

3.5𝛔

Inclusive tag Hadronic tag
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(B2) PRD 109 (2024) 112006

Penguin: Box:

2.7σ

https://inspirehep.net/literature/2725943


Search for 𝑩𝟎 → 𝑲∗𝟎𝝉%𝝉& (B2) arXiv:2504.10042
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vs Belle: 3.1x10-3 [PRD 108 (2023) L011102]

Combinations of sub-track from τ lead 
to 4 categories: ℓℓ, ℓ𝜋, 𝜋𝜋, 𝜌𝑋

https://inspirehep.net/literature/2911582


Search for 𝑩𝟎 → 𝑲𝒔
𝟎𝝉±𝓵∓ (B2) arXiv:2412.16470

• Flavor changing neutral current processes are 
forbidden in SM at tree level. 

• NP that accommodate the b → cτℓ anomalies 
predict an enhancement of several orders of 
magnitude with τ.

• High 𝐊𝐬𝟎 purity (>98%)
• 1-prong τ decays: 𝝉' → ℓ'𝝊W𝝊, 𝝅'𝝊, 𝝆'𝝊
• Fit recoil τ	mass (𝐌𝛕) for signal extraction

First	search	for	𝑩𝟎 → 𝑲𝒔𝟎𝝉±𝓵∓	decays
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@
90%

 CL

https://inspirehep.net/literature/2862267


tau physics

Belle II: a tau super-factory

Longke Li (HUNNU) Belle II Highlights 28

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



tau physics: LFV
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ℬ@A 𝛕 → 𝛍𝛍𝛍 < 1.9×10#B 
more restrictive than Belle

τ → µµµ

ℬ@A 𝛕 → 𝐞(𝛍)𝑲𝒔𝟎 < 0.8(1.2)×10#B: most stringent

ℬ@A 𝝉# → 𝚲𝝅#(W𝜦𝝅#) < 4.7(4.3)×10#B: most stringent

(B2) JHEP 09 (2024) 062, PRD 110, 112003 (2024), arXiv:2504.15745

https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2805696
https://arxiv.org/abs/2504.15745


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

total 19/fb Physics goal: 
understand the nature of 
Υ(10753) energy region.



𝐞%𝐞( → 𝛚𝛘𝐛𝐉 and 𝐞%𝐞( → (𝛑%𝛑(𝛑𝟎)𝐧𝐨𝐧(𝛚𝛘𝐛𝐉

Longke Li (HUNNU) Belle II Highlights 31

Υ(10753) mass (10756.1±4.3) MeV/c!

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). 

More studies on Y(10750):
• Υ 10750 → 𝜋'𝜋(Υ 𝑛𝑆 JHEP 07 (2024) 116

• 𝑒'𝑒( → 𝐵(∗) #𝐵(∗) JHEP 10 (2024) 114
• 𝑒'𝑒( → 𝜔𝜂= 1𝑆 , 𝜔𝜒=$(1𝑃)

PRD 109 (2024) 072013
• 𝑒'𝑒( → 𝜂Υ(1𝑆, 2𝑆) preliminary

Preliminary result

𝒔 ~ 10.75 GeV

𝒔 ~ 10.867 GeV



Summary and prospects
• Belle, as 1st generation of asymmetric 𝐵-factory, did emerge as the times require (应运⽽⽣)

à make significant and far-reaching impacts, e.g. observation of CPV in B decays.

• Belle II, as new generation of 𝐵-factory, follow the past and herald the future (继往开来). 
• B CPV: 𝐵& → ⁄𝐽 𝜓𝐾C&, ⁄𝐽 𝜓 𝜋&, 𝜌'𝜌#, 𝜋&𝜋& (improved flavor-tagging)
• Charm: CPV in 𝐷 → 𝐾C&𝐾C&, 𝜋&𝜋&, 𝜋'𝜋&, 𝐾C&𝐾𝜋𝜋; and study of 9 ΞD decays (5 CF + 4 SCS).
• B rare decays: B → KνNν/B& → KE&τ±ℓ∓/B& → K∗&τ'τ#
• B	(semi-)leptonic	and	hadronic	decay:	𝐵 → 𝐷ℓ𝜈ℓ,	
𝐵' → 𝜏'𝜈G	, 𝐵& → ⁄𝐽 𝜓𝜔,𝐷#𝜋'𝜋&, 𝐷#𝜌', ⁄𝐽 𝜓 𝑋;	etc.

• 𝜏 physics: precise study; search for NP
• 𝑞N𝑞 and exotic: Υ(10753) data (unique in Belle II), 
𝛾𝛾 physics, ISR physics, etc.

• Only 1% of targeted luminosity has been collected so far. 
    Belle II: improvements as expected (未来“可期”)
  + unexpected excitements (未来可期)
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https://indico.ihep.ac.cn/event/24764/广告：

盛暑将至
长沙F5欢迎您

https://indico.ihep.ac.cn/event/24764/


Belle II big familyBack-up
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B CPV observation: 𝐬𝐢𝐧 𝟐𝝓𝟏 measurement

2001

Belle+
BaBar:

S=

Longke Li (HUNNU) 35

⼩林诚 &益川敏英

This discovery provides the exp.
support for the Nobel prize of
Kobayashi and Maskawa in 2008

开局即巅峰的感觉

Belle II Highlights

𝑩𝟎 → ⁄𝑱 𝝍𝑲𝑺
𝟎



A dark Higgs boson in association with inelastic dark matter
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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



Measurement of 𝑨𝑪𝑷(𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎)Back-up
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Measurement of 𝑨𝑪𝑷(𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎)Back-up
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𝝓𝟐: 𝑩 → 𝝅𝝅, 𝝆𝝆

Γ #𝐵$ → 𝑓 − Γ(𝐵$ → 𝑓)
Γ #𝐵$ → 𝑓 + Γ(𝐵$ → 𝑓)

= −𝐶 ⋅ cos Δ𝑚?Δ𝑡 + 𝑆 ⋅ sin Δ𝑚?Δ𝑡

• Using 𝑏 → 𝑢 tree decays (e.g 𝐵& → 𝜋'𝜋#, 𝜌'𝜌#), 
𝑆 = sin 2𝜙( and 𝐶 = 0.

• Due to the interference between tree and loop (𝑏 → 𝑑), 
𝑆 = sin 2𝜙( + 2Δ𝜙( and 𝐶 ≠ 0.

EM loop? 
X.-G. He’s paper?
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𝝓𝟑: 𝑩% → 𝑫(∗)𝒉% (B+B2) JHEP 10 (2024) 143
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https://inspirehep.net/literature/2779211


𝝓𝟑: 𝑩% → 𝑫(∗)𝒉%
JHEP 10 (2024) 143

Dominated by LHCb, while Belle II does improve the precision.
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𝜙5 = arg − ⁄𝑉-*𝑉-+∗ 𝑉D*𝑉D+∗

https://inspirehep.net/literature/2779211


2024年4月24日，南京师范大学

𝑩 → 𝑲𝝂/𝝂
Penguin: Box:

• 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.

• Very challenging experimentally, not yet 
observed
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(B2) PRD 109 (2024) 112006

https://inspirehep.net/literature/2725943

