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Update of accelerator 

Nano beam: small beamspot
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Update of detector 
Belle II :  ~424  fb-1

Belle : ~980 fb-1
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What are Belle and Belle II can do?



XXXXXXXXXXXXXXXXX

CKM

How do quarks participate in weak decays？-> CKM matrix

𝛼 = 𝜙! 𝛽 = 𝜙" 𝛾 = 𝜙#

v d → u: Nuclear physics (superallowed β decays)
v s → u: Kaon physics (KLOE, KTeV, NA62)
v c → d, s: Charm physics (CLEO-c, Babar, Belle, BESIII)
v b → u, c and t → d, s: B physics (Babar, Belle, CDF, DØ, LHCb)
v t → b: Top physics (CDF/DØ, ATLAS, CMS)
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Semileptonic B Decays
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v determine the CKM elements |Vcb| and |Vub| 
v Tests of lepton universality, 𝑅 𝐷 ∗ , 𝑅 𝐾 ∗

v …

The current experimental focus is 
on understanding the origin of this 
discrepancy. 
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Measurement of |Vcb| and |Vub| 
Vxb-puzzle:

PRD 104 , 012008 (2021)Inclusive measurement of. |Vub| 

Average：
𝟒. 𝟏𝟎 ± 𝟎. 𝟎𝟗𝒔𝒕𝒂𝒕 ± 𝟎. 𝟐𝟐𝒔𝒚𝒔 ± 𝟎. 𝟏𝟓𝒕𝒉𝒆𝒐 ×𝟏𝟎(𝟑

𝑩 → 𝑿𝒖ℓ𝝂
𝑋* = 𝜋, 𝜌, 𝜔, 𝜂(,), non-resonant contribution

Exclusive ↔ 𝟏. 𝟑𝝈
CKMfit ↔ 𝟏. 𝟔𝝈



First Simultaneous Determination of 
Inclusive and Exclusive |V/0| PRL131.211801(2023)

Form factor from LQCD Form factor from LQCD and exp
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1.2 𝜎
0.8 𝜎

𝑉*./01 :
(3.6 ± 0.07)×102



PRD 108 092013 (2023)
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measurement of |Vcb| 
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𝝓𝟑: most Imprecision among 𝝓𝒊

3!"##$. 4&→6'0&

3()*+$. 4&→6'0&
= 𝑟4𝑒7(8,(9-)

𝜙" = arg[#:;#:<
∗

#>;#><
∗ ]
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Foreseen precision of 𝝓𝟑 is expected
 with the future Belle II dataset
(current world-average 𝜹𝝓~𝟒°) 
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B anomalies
v Tests of lepton universality, 𝑅 𝐷 ∗ , 𝑅(𝐾(∗))

•LHCb: PRD 108 012018 (2023)
=>reduce tension 2.49𝜎 → 2.15𝜎

•Belle II: PRL 131 181801 (2023)
=> 40% improvement in statistical precision  

over Belle at the same sample size
LHCb: arXiv 2302.02886

=> simultaneous measurement of 𝑅 𝐷
and 𝑅 𝐷∗ , 1.9𝜎 tension
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First measurement of 𝑹(𝑿𝝉/ℓ) arXiv:2311.07248
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Angular asymmetries using  𝑩𝟎 → 𝑫∗JℓK𝝂 arXiv:2311.07248

𝑤
cos 2𝜒

cos 𝜒 cos 𝜃!

sin 𝜒 cos 𝜃!
sin 2𝜒

PRD 107 015011 (2023)

Agree well with the standard-mode
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arXiv:2311.14647

The process is known with high accuracy in the SM:
ℬ 𝐵! → 𝐾!𝜈𝜈 = 5.6 ± 0.4 ×10 "# (arXiv:2207.13371)

= 4.96×10"#with 𝐵! → 𝜏!(𝐾!𝜈)𝜈 removed.
Extensions beyond SM may lead to significant rate increase

Search for 𝑩K → 𝑲K𝝂𝝂
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Search for 𝑩K → 𝑲K𝝂𝝂 arXiv:2311.14647
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arXiv:2311.14647Search for 𝑩K → 𝑲K𝝂𝝂

First evidence for 𝑩? → 𝑲?𝝂𝝂 decay
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Measurements of 𝒔𝒊𝒏𝟐𝝓𝟏

𝒔𝒊𝒏𝟐𝝓𝟏 = 𝟎. 𝟗𝟗 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟔



Quarkonium & Exotic states
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Bottom:
v𝑒K𝑒J → 𝜔𝜒TU and 𝑋T → 𝜔Υ 1𝑆

v𝑒K𝑒J → 𝜔𝜂T 1𝑆

v𝑒K𝑒J → 𝜋𝜋Υ 𝑛𝑆

v𝑒K𝑒J → 𝐵(∗) 3𝐵(∗)

v𝑒K𝑒J → 𝐵VW 3𝐵VW𝑋

What are they?
Bottomonium?

Or:
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𝚼(𝟏𝟎𝟕𝟓𝟎) state

5.2σ

observed in e!e" → π!π"Υ(nS)

JHEP 10, 220 (2019) CPC 44 (2020) 8, 083001

A dip at 10.75 GeV 
may correspond to 
Υ(10753).

The individual cross sections contain 
more information than sum
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𝜰(𝟏𝟎𝟕𝟓𝟑) → 𝝎𝝌𝒃𝑱 and 𝑿𝒃 → 𝝎𝚼(𝟏𝑺)
Theory: ℬ(Υ(10753) → ωχ$%) and ℬ(Υ(10753) → π!π"Υ(nS)) are ~10(2

if Υ(10753) is Υ(4S) - Υ(3D) mixing state [PRD 104, 034036] [PRD 105, 074007]

A(B!B"→C#$D)
A(B!B"→E#%D)

~1:	consistent	with	HQFT

A(B!B"→C#$D)
A(B!B"→𝜋 𝜋 Υ (HI) )

g~1.5 @Υ(10753)
~0.1 @Υ(5S) :

difference in the internal structures Υ(5S) and Υ(10753)

PRL 130, 091902 (2023)
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𝜰(𝟏𝟎𝟕𝟓𝟑) → 𝝎𝝌𝒃𝑱 and 𝑿𝒃 → 𝝎𝚼(𝟏𝑺) PRL 130, 091902 (2023)

From simulated events with m(Xb) = 10.6 GeV/c2
The yield is fixed at the upper limit at 90% C.L.

• No significant Xb signal is observed.

• The peaks are the reflections of e!e" → ωχ#$.
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Search for eMeN→ωη0(1S) and eMeN→ωχ0O(1P) preliminary

Recoiling the ω

The yields for χ$&(1P)
and χ$'(1P) are fixed 
[PRL 130, 091902 
(2023)].

No clear ηJ(1S) and χJK(1P)
signals are observed.
not support the prediction

q Tetraquark (diquark-antidiquark) interpretation 
enhancement of Υ(10753) → ωη$(1S) transition

[Chin. Phys. C 43, 123102 (2019)].
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Update of the cross section of eMeN→𝜋𝜋Υ(nS) preliminary

Previous:
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The	eMeN → BEB,	BEB∗ and	B∗EB∗ cross	sections preliminary

New: rapid increase of σB∗ LB∗
above the threshold

• Similar behaviour was seen for 
D∗/D∗ cross section 
(PRD 97, 012002 (2018))

• Possible interpretation: resonance 
or bound state (B∗/B∗ or b/b) near 
threshold 

(MPL A 21, 2779 (2006))

• Also explains a narrow dip in 
𝜎(e!e"→ B/B∗) near B∗/B∗ threshold 
by destructive interference 
between e!e"→ B/B∗ and e!e"→
B∗/B∗ → B/B∗

• Inelastic channels [π!π"Υ(nS) and 
hb(1P)η] could also be enhanced 
(PRD 87, 094033 (2013))Solid curve: fit to Belle + Belle II data 

Dashed curve: fit to Belle data fit only 



Normal Charm
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Charmed Baryon: new states; 
parameters;
decays..

Charm mesons: lifetimes
good vertex 
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Lifetime	measurements

In all cases except for
Ω!", Belle II
has made the world’s highest
precision measurement
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Evidence	of	ΛR 2910 M

lA new structure in 𝑴𝚺𝐜𝝅 spectrum is seen
𝒎 = (𝟐𝟗𝟏𝟑. 𝟖 ± 𝟓. 𝟔 + 𝟑. 𝟕) MeV/c2
𝜞 = 𝟓𝟏. 𝟖 ± 𝟐𝟎. 𝟎 ± 𝟏𝟖. 𝟖 𝐌𝐞𝐕

lStatistic significance: 6.1𝜎
lmost conservative significance include syst. err: 4.2𝜎
lPossible 𝐽' = (

)

"
, agrees with Λ*

(
)

"
, 2𝑃

lNeed more study to confirm its nature 

Theoretical interpretation：

l Λ* 2940 : 𝐽+ =
(
)

"
 state，lies in other Regge trajectories

Ø search for Λ,(3005)?
l Like Λ 1405 , 𝐷- 2317 , 𝑋(3872), 
D∗N contribute in Λ* 2940

ØMass of Λ*
(
)

"
, 2𝑃  invese，and larger than Λ*

/
)

"
, 2𝑃

PRL 130, 031901 (2023)

See talk from 岳自力 tomorrow



𝜏 physics
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@10.58	GeV:
𝜎 𝑒K𝑒J → 𝜏K𝜏J = 0.92	𝑛𝑏
𝜎 𝑒K𝑒J → Υ(4𝑆) = 1.11	𝑛𝑏

Features of a B-Factory (super 𝜏-charm Factory): 
• High luminosity. 
• Well-defined initial state. 
• High vertex resolution. 
• Excellent calorimetry. 
• Sophisticated particle ID.
• Ability to trigger low-multiplicity event 



𝜏 physics
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𝚪 𝑳# → ℓ# t𝒗ℓ 𝝂𝑳 𝜸 =
𝓑(𝑳# → ℓ# t𝒗ℓ 𝝂𝑳 𝜸 )

𝝉𝑳
=
𝒈𝑳𝟐𝒈ℓ𝟐

𝟑𝟐𝑴𝑾
𝟒

𝒎𝑳
𝟓

𝟏𝟗𝟐𝝅𝟑 𝒇
𝒎ℓ
𝟐

𝒎𝑳
𝟐 𝑭𝒄𝒐𝒓𝒓 𝒎𝑳, 𝑴ℓ

f x = 1 − 8x + 8x/ − x0 − 12x) ln x

F*122 m3, Mℓ = f(5ℓ
5$
)(1 + /5ℓ

%

67&
% )(1 +

8 5$
)9 ()60 − π

)))

𝑊. 𝑀𝑎𝑟𝑐𝑖𝑎𝑛𝑜 𝑎𝑛𝑑 𝐴. 𝑆𝑖𝑟𝑙𝑖𝑛 𝑃𝑅𝐿. 61, 1815 (1988)

input Uncertainty (%) Best 
Measurement

𝓑(𝝉! → ℓ! >𝒗ℓ 𝝂𝝉 𝜸 ) 0.180 ALEPH

𝝉𝝉 0.172 Belle

𝒎𝝉 0.007 BES III
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𝑚C
) = 𝑝D + 𝑝E )

= 2 𝐸D 𝐸C − 𝐸D +𝑚D
) − 2 𝑝⃗D 𝐸C − 𝐸D cos 𝑝⃗D, 𝑝⃗E

The direction of the neutrino is not known, since cos 𝑝⃗D, 𝑝⃗E ≤ 1 Pseudomass:

2 𝐸D 𝐸C − 𝐸D +𝑚D
) − 2 𝑝⃗D 𝐸C − 𝐸D ≤ 𝑚C

Measurement of 𝝉 mass
Pseudomass method: 

PRD	108,	032006	(2023)

Belle II (190 fb-1)

World’s best measurement of the 𝝉 mass! 

Belle II (414 fb-1)



32

Lepton Flavor Universality Violation 
In the SM: (F

(G )
= 1

preliminary

• Pid uncertainty dominant 
• consistent with previous measurements 
• most precise to date

Tag side: 1 hadron prong 362 fb−1 date @ 10.58 GeV
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𝝉! → ℓ!𝜶

Most stringent limits in these channels to date! 
(2-14 times more constraining than Argus) 

It probes the existence of a long-lived invisible gauge boson boson 𝛼. 

• Possible DM candidate.

PRL	130,	181803	(2023)
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Michel Parameter 𝝃′ via 𝝉 → 𝝁(→ 𝒆 𝝂𝝂) 𝝂𝝂

Probability of an unpolarized τ lepton to decay 
to a right-handed muon: (1- 𝝃′)/2

𝝃. = 𝟏 in SM

PRL	131,	021801	(2023)	
PRD	108,	012003	(2023)	
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Michel Parameter 𝝃′ via 𝝉 → 𝝁(→ 𝒆 𝝂𝝂) 𝝂𝝂
PRL	131,	021801	(2023)	
PRD	108,	012003	(2023)	

y: electron energy in the muon rest frame 
divided by 𝑚//2, 

c: cos 𝜃0 , angle of the electron direction in 
the muon rest frame.

𝝃. = 𝟎. 𝟐𝟐 ± 𝟎. 𝟗𝟒 ± 𝟎. 𝟒𝟐
𝝃. = −𝟏

𝝃. = 𝟏



Future
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The more we know, the more we do not know!



谢谢大家



Decay mode Paper comment

Λ$% → Λ𝜋%𝜋!𝜋% Belle: PRL 130, 151903 (2023) Peaks at 1434 MeV M&'±

Λ$% → Λ𝜂()) Belle: PRD 107, 032003 (2023)

Λ$% → Λh, Σ+ℎ Belle: 科学通报 68 583 (2023) 
BESIII: PRD 106,L111101(2022)

PRD106,052003(2022)

CPV measurement for Belle

Λ$% → pK,𝐾, , pK-𝜂 Belle: PRD 107, 032004 (2023)

Λ$% → Σ%𝛾, Ξ$+ → Ξ+𝛾 Belle: PRD 107, 032001 (2023)
BESIII: arXiv 2212.07214 no evident signal

Λ$% → pK%𝜋! Belle: PRD 108 3 (2023)
LHCb: PRD 108 012023 (2023)  

Amplitude analysis from LHCb, observe 
Λ 2000

Λ$% → 𝑝𝜂, 𝑝𝜔

Λ$% → 𝑝𝜋+

Belle: PRD 104, 072008 (2021)
Belle: PRD 103, 072004 (2021)

Λ$% → 𝑝𝜂) Belle: JHEP 03 2022, 090 (2022)

Ξ$% → Λ𝐾. , Σ+𝐾. , Σ%𝐾! Belle: PRD 105, L011102 (2022)

Ω$+ → Ξ!𝜋% , Ξ𝐾% , Ω!𝐾% Belle: JHEP 01 055 (2023)
LHCb: arXiv 2308.08512

No evidence of CS decay from Belle
CS decay observed by LHCb
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Charm Decays
Other recent search for CPV in Charm sector: not see CPV in all cases

Decay mode Paper 

𝐷(E)G → 𝐾G𝐾#𝜋G𝜋",
→ 𝐾G𝜋#𝜋G𝜋"

𝐷G → 𝐾#𝜋G 𝜋G𝜋"
Belle: arXiv 2305.12806 

𝐷" → 𝐾E"𝐾E"𝜋G 𝜋# Belle: PRD 107, 052001 (2023) 

𝐷(E)G → 𝐾G𝐾E"ℎGℎ#

𝐷EG → 𝐾G𝐾#𝐾E"𝜋G
Belle: arXiv 2305.11405 
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Background

40



Background
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https://indico.cern.ch/event/684284/contributions/2952455/attach
ments/1719296/2774804/Vale_Silva_3.pdf 42



Charm Decays
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Why weak decay？

HI J→KLM
HN%

=
O&
% P'(')

%

QRS*

N%#T+
% %

U,
%#T,

%

N-T.
%

× 1 +
𝑚(
)

2𝑞)
𝑚*
) 𝐸+) −𝑚+

) 𝒇, 𝒒𝟐
)
+
3𝑚(

)

8𝑞)
𝑚*
) −𝑚+

) ) 𝒇𝟎 𝒒𝟐
)
…

Leptonic decay 
𝐵 𝑀 → lνL SM

=
𝐺VQ𝑚J𝑚L

Q

8π 1 −
𝑚L
Q

𝑚J
Q

Q

𝑉N/N0
Q
𝑓JQτJ 1 + δ0TJLQ

Semi-leptonic decay 

hadronic decay 

v Extract CKM Matrix parameters:  |𝑉NN1|, 𝜙W (test unitarity)
v CPV 
v Decay constants and hadronic Form factor (LQCD)
v Decay parameters, Branching fraction, PWA (QCD, 

other hadrons)
v ……

v FCNC v LFU (new physics)
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Measurement of CKM angle 𝜙¢
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⚆ CPV in the interference 𝒃 → 𝒄H𝒖𝒔 and 𝒃 → 𝒖K𝒄𝒔 :

X2(334. Y"→Z6["

X789:4. Y"→Z6["
= 𝑟Y𝑒W(\;#]*)

⚆ Theoretical uncertainty on measurement is  
𝜹𝝓𝟑
𝝓𝟑

~ 𝟏𝟎>𝟕

⚆ Test physics beyond SM arxiv:1308.5663 

⚆ Foreseen precision of 𝝓𝟑 is expected (current 
world-average 𝜹𝝓~𝟒°) with the future Belle II dataset
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Belle II Measurements of CKM angle 𝜙¢
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⚆ GGSZ method with 𝑩0 →𝑫 →𝑲𝑺𝒉,𝒉0 𝒉0 decays 

⚆ GLW method

⚆ GLS method with 𝑩0 →𝑫 →𝑲𝑺𝑲±𝝅∓ 𝒉0 decays 

⚆ (𝚫𝐄, C’) 2D simultaneous fit for all methods 

-- The CP observables of interests

𝜙4 = 78.4 ± 11.4 ± 0.5 ± 1.0 ∘

𝐴01± = ±2𝑟6𝑠𝑖𝑛𝛿6𝑠𝑖𝑛𝜙4/𝑅7+± 𝑅01± = 1 + 𝑟34 ± 2𝑟3𝑐𝑜𝑠𝛿3𝑐𝑜𝑠𝜙5

𝐴01% = +12.5 ± 5.8 𝑠𝑡𝑎𝑡. ± 1.4 𝑠𝑦𝑠𝑡. %
𝐴01! = −16.7 ± 5.7 𝑠𝑡𝑎𝑡. ± 0.6 𝑠𝑦𝑠𝑡. %

𝑅01% = 1.164 ± 0.081 𝑠𝑡𝑎𝑡. ± 0.036 (𝑠𝑦𝑠𝑡. )
𝑅01! = 1.151 ± 0.074 𝑠𝑡𝑎𝑡. ± 0.019 (𝑠𝑦𝑠𝑡. )

𝑥0 = + 9.24 ± 3.27 ± 0.17 ± 0.23 ×100)
𝑥, = − 11.28 ± 3.15 ± 0.18 ± 0.22 ×100)
𝑦0 = + 10.00 ± 4.20 ± 0.23 ± 0.67 ×100)
𝑦, = − 4.55 ± 4.20 ± 0.11 ± 0.55 ×100)

• 7 CP observables: 4 asymmetries, 3 BRs ratios
• Measurement performed in full D phase space and in the enhanced-interference 

𝑫 → 𝑲∗𝑲 region
• These results can provide constraint on 𝜙5

JHEP02(2022)063

arXiv:2308.05048

arXiv:2306.02940

https://arxiv.org/abs/2306.02940


LHCb Measurements of CKM angle 𝜙¢
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⚆ GGSZ method

-- 𝑩𝟎 →𝑫 →𝑲𝑺𝒉,𝒉0 𝑲∗𝟎

𝜙4 = (4909:,)4)∘

• Limited statistics, 
• CPV still observed 

in some bins

-- 𝑩0 →𝑫∗(→ 𝑫 → 𝑲𝑺𝒉,𝒉0 𝝅𝟎/𝜸)𝒉0

LHCb-PAPER-2023-009 

𝜙4 = (69± 14)∘

• Opposite CPV  between 
𝐷∗+ → 𝐷𝜋 and 𝐷∗+ → 𝐷𝛾

• Irreducible bkg
• 2D invariant mass fit

-- 𝑩0 →𝑫 →𝑲,𝑲0𝝅,𝝅0 )𝒉0

𝜙4 = (11609;,9))∘

LHCb-PAPER-2023-012 Eur. Phys. J. C83 (2023) 547 

• Measured firstly 
• Complicated 

binning scheme


