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Asymmetric 𝒆+𝒆− B Factories: Concept 
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Advantages of an 𝒆!𝒆" flavor factory
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Belle和Belle II实验上强子的相关研究

SuperKEKB and Belle II

𝐬 ~ 10.58 GeV

Nano-beam design: 30X peak luminosity of Belle

906 fb-1 data collected so far

• Targeting higher 𝐿!"#$:  6 ×	10%& 𝑐𝑚'( 𝑠')
• Ultimate goal: ∼ 50𝑎𝑏') 3



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

Primarily	a	B	factory;	But	not	only	B	physics!
● Also,	tau,	charm	factories
● Clean	background	for	spectroscopy	and	searching	for	dark	
sector
Various	type	of	analyses:
● Lifetime,	time-dependent		measurement
● well-suited	for	decays	with	missing	energy	and	missing	mass

Belle II Physics Book, PTEP 2019, 123C01 
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B decays
(CKM matrix)
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CP Violation and KM theory
Ø CP violation: a key for the matter-antimatter asymmetry.
Ø Kobayashi-Maskawatheory (1973): 

l CP violation in the Standard Model (SM)
l  Complex phase in the quark mixing matrix

In B mesons, CP violation often appears as a decay 
time difference.
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𝜙# = 𝜷	:Decay time dependent CPV in B decays
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CP Violation in  B decays 
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• much smaller loop contribution ⟹ dominates 𝜙2 precision
• two 𝜋0’s reconstruction needed ⟹ a channel suitable for Belle II

[PRD 111, 092001 (2025)]Search for CPV in 𝑩𝟎 → 𝝆!𝝆"

Dominated by systematics from S

Constraining 𝝓𝟐: 

𝐵 → 𝜌𝜌 world average:
𝜙( = (91.5'&.,-,.&)∘

𝐵 → 𝜌𝜌 world average 
+ Belle II 𝜌-𝜌' result
⇒ 𝝓𝟐 = (𝟗𝟐. 𝟔'𝟒.𝟖-𝟒.𝟓)∘
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First measurement of time-dependent CP violation in B0 → π0π0 

The Issue with B0 → π0π0 

The New Idea PHYS. REV. D 112, 032011 (2025)
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First measurement of time-dependent CP violation in B0 → π0π0 
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First measurement of time-dependent CP violation in B0 → π0π0 

First measurement of mixing-induced CP violation in B0 → π0π0 
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Conventional time-dependent analysis:require a data set twenty times larger



Semileptonic decay: CKM matrix
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𝑩! → 𝝁!𝝂𝝁

• Belle + Belle II (1076/fb):
• 𝐵 𝐵- → 𝜇-𝜈2 = 4.36 ± 1.89 ± 1.01 ×10'3 (2.35σ)

• SM branching fraction:

• SM predicted: 𝐵 = 4.18 ± 0.44 ×10!". 

• Belle: 𝐵 = 5.3 ± 2.0 ± 0.9 ×10!" (2.8σ)

(PRD 101 (2020) 032007)

These are the most stringent limits to date.

Bayesian PDF

Frequentist PDF

arXiv:2602.09800

𝐵 𝐵- → 𝜇-𝜈2 < 7.13×10'3	 (𝐵𝑎𝑦𝑒𝑠𝑖𝑎𝑛	𝑈𝑝𝑝𝑒𝑟	𝐿𝑖𝑚𝑖𝑡)

𝐵 𝐵- → 𝜇-𝜈2 < 6.25×10'3	 (𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑡𝑖𝑠𝑡	𝑈𝑝𝑝𝑒𝑟	𝐿𝑖𝑚𝑖𝑡)
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https://arxiv.org/abs/2602.09800


Inclusive B → Xuℓν PRD 113 (2026)  032004 

Nominal fit result 
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Inclusive B → Xuℓν PRD 113 (2026)  032004 

BLNP model: 
PRD72,073006; 
NPB 699,335
DGE model:
JHEP 01 (2006) 
097
GGOU model:
JHEP 10 (2007) 
058.
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|Vcb| from untagged exclusive B → Dℓνℓ
Signal yields are extacted in 10 bins of w by fitting the 
simultaneously in the electron and muon
channels and in the charged and neutral modes

Extract by fitting values of Δ𝒯/Δ𝑤 using BCL
(Phys. Rev. D 82, 099902 (2010)) form factor
parameterization.

Ø Result in agreement with exclusive HFLAV average
Ø Most precise measurement using B → Dℓνℓ decays

PRD 112, 112009 (2025)

The recoil variable w = vB·vD
cosθBY：the angle between the signal B and Dℓ system
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Inclusive B → Xsℓ+l-
Partial branching fraction (BF) in 1 < q2 < 6 GeV2

Untagged analysis 

good agreement with SM, factor 2 improvement in precision 18



Charm

19



• At Belle II, e!e" mainly collide at 10.58 GeV to make Υ(4S) resonance mainly decaying into B(B.
• Meanwhile, continuum processes 𝐞!𝐞" → 𝐪(𝐪 (q = u, d, s, c) have large cross sections.
• Two ways to produce charm samples: 1) 𝐞!𝐞" → 𝐜𝐜̅, and 2) B → charm decays.

Charm production at Belle II
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First observation of 𝐃𝐬𝟎∗ (𝟐𝟑𝟏𝟕)! → 𝐃𝐬∗!𝛄 PRL 136, 241901
FEATURED IN PHYSICS
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First observation of 𝐃𝐬𝟎∗ (𝟐𝟑𝟏𝟕)! → 𝐃𝐬∗!𝛄
arXiv:2510.27174 [submitted to PRL] 
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PRL 136, 241901
FEATURED IN PHYSICS



𝚵𝐜! and 𝚵𝐜𝟎 decays
Reconstruct:
• 𝚵𝐜𝟎 → 𝚲𝛈, 𝚵𝐜𝟎 → 𝚲𝛈6 (singly Cabibbo-suppressed (SCS))
• 𝚵𝐜- → 𝚵𝟎𝐊-, 𝚵𝐜- → 𝐩𝐊𝐬𝟎, 𝚵𝐜- → 𝚲𝛑-, 𝚵𝐜- → 𝚺𝟎𝛑- (SCS)

e]e^ → Ξ_]/Ξ_` + anything

Belle + Belle II Belle + Belle II

𝚲𝛈 𝚲𝛈6 

𝚵𝟎𝐊-

𝐩𝐊𝐬𝟎 

𝚲𝛑-

𝚺𝟎𝛑-
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Branching fractions First or most precise measurements! 

[JHEP 03 (2025) 061][JHEP 08 (2025) 195] [PRD 113, 032015 
(2026)]

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

[4] the pole model (Pole), current algebra 
(CA)
[5-11] SU(3)F flavor symmetry

[12] Pole and CA
[13-22] SU(3)F flavor symmetry

[15, 17-23] SU(3)F flavor symmetry
[16] Pole and CA
[22] Topological diagrammatic approach
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CP Violation in  D decays 
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CPV in 𝑫 → 𝝅𝝅
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CP asymmetry in 𝑫! → 𝝅!𝝅𝟎

l 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)

l But the variable easily accessed in exp is 𝑨𝒓𝒂𝒘𝝅𝝅 = 𝐍 𝑫"→𝝅"𝝅𝟎 !𝐍(𝑫$→𝝅$𝝅𝟎)
𝐍 𝑫"→𝝅"𝝅𝟎 %𝐍(𝑫$→𝝅$𝝅𝟎)

l 𝐴23455  is related by 𝑨𝑪𝑷𝝅𝝅 = 𝑨𝒓𝒂𝒘𝝅𝝅 − (𝑨𝒑𝒓𝒐𝒅𝑫 + 𝑨𝝐𝝅)→
↓
use 𝑫% → 𝝅%𝑲𝑺

𝟎 as a control 
mode to estimate this

nuisance asymmetries

𝑨𝑪𝑷𝝅𝝅 = 𝑨𝒓𝒂𝒘𝝅𝝅 − 𝑨𝒓𝒂𝒘
𝝅𝑲𝑺 + 𝑨𝑲𝑺

Signal mode 

Control mode 

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

Control mode 𝑫& → 𝑲𝑺𝟎𝝅&

Signal mode

Signal mode

Control mode

PRD 112, L031101 (2025)
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CP asymmetry in 𝑫𝟎 → 𝝅𝟎𝝅𝟎

𝑐𝑜𝑠𝜃 > 0	 𝑐𝑜𝑠𝜃 < 0

Δ𝑚 = 𝑀8∗" − 𝑀8#

𝑐𝑜𝑠𝜃 > 0	 𝑐𝑜𝑠𝜃 < 0

Δ𝑚 = 𝑀8∗" − 𝑀8# Tagged

Control mode 𝑫𝟎 → 𝑲!𝝅%Signal mode

PRD 112, 012006 (2025)

29



CP asymmetry in 𝑫𝟎 → 𝝅!𝝅"𝝅𝟎 PRD 113, 052006 (2026)
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Time-integrated 𝑪𝑷 asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎

Ø Proceeds through color- and Cabibbo-suppressed transition
Ø Involves the interference between 𝑐 → 𝑢𝑠 ̅𝑠 and 𝑐 → 𝑢𝑑 ̅𝑑 amplitudes
Ø Expected 𝐶𝑃 asymmetry of 1%
Ø World average:

𝐴9: 𝐷; → 𝐾<;𝐾<; = −1.9 ± 1.0 %, is limited by statistics.
Ø Belle (980	ob')) + Belle II (428	ob')) data are used

Ø 𝐴9:(𝐷; → 𝐾#;𝐾#;) =
= 8#→?$#?$# '=(A8#→?$#?$#)
= 8#→?$#?$# -=(A8#→?$#?$#)

 

Ø Two independent measurements:
• 𝐷∗	tagged 𝐷; [Phys.Rev.D 111 (2025) 1, 012015]

• Important definition: 𝑆D!" 𝐾#; = log[min 𝐿)/𝜎E% , 𝐿(/𝜎E( ]
• Opposite-side flavor tagged 𝐷; [Phys.Rev.D 112 (2025) 1, 012017]

• Flavor 𝑞 = +1 for 𝐷;, 𝑞 = −1	for �𝐷;

• Dilution factor 𝑟 = 1 − 2𝜔 (𝜔 is the mistag probability)

L)
L(

𝐷∗	tagged 𝐷; 

Opposite-side flavor tagged 𝐷;

31
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Time-integrated 𝑪𝑷 asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎

(𝐷∗	tagged 𝐷()
𝐷∗	tagged 𝐷=

• Use 𝐷∗% → 𝐷=𝜋% to tag flavor
• Determine production and detection asymmetries using 𝐷= →
𝐾%𝐾!	

𝐴234
>'(>'( =

𝑁 𝐷= → 𝐾?=𝐾?= − 𝑁(F𝐷= → 𝐾?=𝐾?=)
𝑁 𝐷= → 𝐾?=𝐾?= + 𝑁(F𝐷= → 𝐾?=𝐾?=)

	

                   = 𝐴@A + 𝐴AB + 𝐴C
5'

𝐴@A 𝐷= → 𝐾?=𝐾?= = 𝐴234
>'(>'( − 𝐴234>">$ + 𝐴@A(𝐷= → 𝐾%𝐾!)

• Main background: 𝐷= → 𝐾D=𝜋%𝜋!, separated by 𝑆EFG
• 2D extended UML fit to 𝑚 𝐷=𝜋%  and 𝑆EFG(𝐾?=)
• Belle: 𝐴@A = −1.1 ± 1.6 stat. ± 0.1 syst. %

• Belle II: 𝐴@A = −2.2 ± 2.3 stat. ± 0.1 syst. %

• Belle + Belle II: 𝐴@A = −1.4 ± 1.3 stat. ± 0.1 syst. %

Phys.Rev.D 111 (2025)  012015
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Time-integrated 𝑪𝑷 asymmetry in 𝑫𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎

(Opposite-side flavor tagged 𝐷()
• Use information from the other tracks in the event to tag 

flavor
• Remove all the candidates in used in the 𝐷∗	tagged 

measurement
• Background from partially reconstructed 𝐷?% → 𝐾?=𝐾?=𝜋% 

(peak at lower mass values)
• 2D extended UML fit to 𝑚 𝐾?=𝐾?=  and 𝑞𝑟
• Belle: 𝐴@A = 2.5 ± 2.7 stat. ± 0.4 syst. %

• Belle II: 𝐴@A = −0.1 ± 3.0 stat. ± 0.3 syst. %

• Belle + Belle II: 𝐴@A = 1.3 ± 2.0 stat. ± 0.2 syst. %
• Combined two tag methods:

𝐴@A = −0.6 ± 1.1 stat. ± 0.1 syst. %
The most precise determination to the date. 
Agree with results from other experiments.

Phys.Rev.D 112 (2025)  012017
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First measurement of 𝐀𝐜𝐩(ΞRS →ΣS hS	hT	) and 𝐀𝐜𝐩(ΛR
S →p hS	hT	) at Belle II 
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First measurement of 𝐀𝐜𝐩(ΞRS →ΣS hS	hT	) and 𝐀𝐜𝐩(ΛR
S →p hS	hT	) at Belle II 
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Charm	CPV
Channel ACP References

𝐃𝟎 → 𝛑𝟎𝛑𝟎 (+0.3±0.7±0.2)% PRD 112, 012006 (2025)

𝐃! → 𝛑!𝛑𝟎 (−𝟏.8±0.9±0.1)% PRD 112, L031101 (2025)

𝐃𝟎 → 𝛑!𝛑"𝛑𝟎 (0.3±0.3±0.1)% PRD 113, 052006 (2026)

𝐃𝟎 → 𝐊𝐬𝟎𝐊𝐬𝟎 (−0.6±1.1±0.1)% PRD 111, 012015 (2025), 
PRD 112, 012017 (2025)

𝐃!, 𝐃𝐬! → 𝐊𝐬𝟎𝐊"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", 𝐩𝛑!𝛑" (+𝟑.9±1.7±0.7)%, (+0.3±1.0±
0.2)%

PRD 113,032017 (2026)

𝚵𝐜! → 𝚺!𝐊!𝐊", 
𝚺!𝛑!𝛑"

(+3.7±6.6±0.6)%, (+9.5±6.8±
0.5)%

PRD 113, 032017 (2026)
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Quarkoium and exotic states
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New hadrons found at Belle(II)

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.
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𝐞S𝐞T → 𝐡S𝐡TJ/𝛙 (h = 𝛑, K, p) via initial-state radiation (ISR) at Belle II

Adavantages of ISR:
• Allows to study energies below Ec.m. 
• Wide energy range available
• Measure more precisely the line-

shapes
𝐞]𝐞^ → 𝛑]𝛑^J/𝛙 via ISR:

Disadvantages of ISR:
• The effective integrated luminosity 

decreases as the c.m. energy 
decreases

• The detection efficiency is also 
smaller

• We can see the Y(4008) evidence and Y(4230/4320) signal.
• The significance of 𝐙𝐜 𝟑𝟗𝟎𝟎  is 5.3𝝈. 39

arXiv:2602.13569
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https://arxiv.org/abs/2602.13569


𝐞S𝐞T → 𝐊S𝐊TJ/𝛙 via ISR:

• No clear signals were 
observed at Belle II.

• More data are needed.

𝐞S𝐞T → p,𝐩J/𝛙 via ISR:

PRL 131, 211902 (2023) The cross section for 𝐞-𝐞' → 𝐏𝐜�𝐩 is 
estimated to be ≲ 𝓞(0.1 pb) [arXiv: 
2508.08694].

?

40
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Bottomonium
Conventional bottomonium (pure bZb states) 
Bottomonium-like states (mix of bZb and BZB) 
Exotic charged states (ZI%)

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

Belle II collected 19 fb-1 of unique data around 𝒔 ~ 
10.75 GeV to study the nature of the Υ(10753).41



Unique scan data near 𝐬 = 10.75 GeV

• In November 2021, Belle II collected 19 fb-1 of unique data at energies 

above the Υ(4S): four energy scan points around 10.75 GeV.

• Belle II collected the data in the gaps between Belle energy scan points. 

• Physics goal: understand the nature of the Υ(10753) energy region.
42



𝐞S𝐞T → 𝛚𝛘𝐛𝐉 and 𝐞S𝐞T → (𝛑S𝛑T𝛑𝟎)𝐧𝐨𝐧T𝛚𝛘𝐛𝐉 at Belle and Belle II

JHEP 04 (2026) 101

• The (𝛑-𝛑'𝛑𝟎)𝐧𝐨𝐧'𝛚𝛘𝐛𝐉 excess maybe 
due the cascade decay of 
𝚼(𝟏𝟎𝟖𝟔𝟎, 𝟏𝟏𝟎𝟐𝟎) → 𝐙𝐛𝛑 → 𝛘𝐛𝐉𝛒𝛑 [PRD 
90, 014036 (2014)].𝚼(10753) mass (10756.1±4.3) MeV/𝐜𝟐

𝚼(10753) width (32.2±18.7) MeV

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

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

1.13±0.38±0.34
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𝐞(𝐞) → 𝛈𝚼(𝟐𝐒) and 𝐞(𝐞) → 𝐁(∗)*𝐁(∗) 

• The Born cross section of 𝐞-𝐞' → 𝛈𝚼(𝟐𝐒) around 𝐁∗�𝐁∗ mass is 
relatively large.

Rapid increase of 𝛔B∗ AB∗  just above the threshold.
A new bottomonium-like state around 𝐁∗�𝐁∗ threshold?
The 𝒀𝒃(𝟏𝟎𝟔𝟓𝟎) is predicted in Refs. [arXiv:2505.02742, arXiv:2508.11127, arXiv:2505.03647]. 

[arXiv:2509.01917] [JHEP 10 (2024) 114]

Different fit models:
Black: 𝐁∗�𝐁∗ + Y(10753) + Y(5S)
Green: Y(10753) + Y(5S)
Blue: Y(5S)

The significance of 𝐁∗�𝐁∗ bound state is larger than 3.2𝛔
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𝐞(𝐞) → 𝛄𝛘𝐛𝐉 and 𝐞(𝐞) → 𝛑(𝛑)𝚼𝐉(𝟏𝐃)
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• No clear signal of 𝐞-𝐞' → 𝛄𝛘𝐛𝐉 can be seen.
• 𝛔𝐁𝐨𝐫𝐧𝐔𝐋 (𝐞-𝐞' → 𝛄𝛘𝐛𝟏) at 90% C.L. at 𝐬 = 10.746 GeV is 0.25 pb, which is much 

smaller than the Born cross sections for 𝐞-𝐞' → 𝛚𝛘𝐛𝐉 and 𝐞-𝐞' → 𝛑-𝛑'𝚼(𝐧𝐒).

Inverted triangles: the 90% C.L. upper limits on the product 
𝛔(𝐞-𝐞' → 𝛑-𝛑'𝚼𝟐 𝟏𝐃 )𝓑(𝚼𝟐(𝟏𝐃) → 𝛄𝛘𝐛𝟏)) as a function of C.M. 
energy.

• A pronounced suppression in the coupling of the 𝚼(10753) 
resonance to 𝚼𝐉(𝟏𝐃)	states via dipion transitions.

• The upper limits do not conflict with the 𝚼(10860) line shape.

PRD113, 052009 
(2026)

arXiv:2602.19807
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Future prospects
Physics reach：
The goal of Belle II is to uncover new physics beyond 

the Standard Model.
• Testing violations of lepton flavor conservation 

and universality and understanding their origins
• Checking the unitarity of the CKM matrix to high 

precision
• Identifying new weak (CP-violating) phases in the 

quark sector

• Probing the existence of dark-sector particles at 
MeV to GeV mass scales

• Reducing the uncertainty in the theory prediction 
for the muon g−2 anomaly

• Understanding the role of QCD in the production 

and binding of new hadronic states of matter

• Until 2026, about 1 𝐚𝐛!𝟏 data, comparable to 
Belle 

• Until 2029, about 4 𝐚𝐛!𝟏 data.

From https://www.belle2.org/research/luminosity/

From SNOWMASS2021 
(https://arxiv.org/pdf/2203.10203)

During the long shutdown starting in 2032,  upgrades 
are planned for the SuperKEKB accelerator and the 
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Summary
-			Belle II: new data + upgraded detectors + new software tools 

• B CPV/semi-leptonic/rare, charm CPV/BF/𝛼/spectrum ⟸ γ/π0/𝑲𝒔
𝟎/ν

(recoiling/EECL/BDT) etc

• Exotic states, 𝜏 physics, dark sectors ⟸ special data at 𝐞S𝐞T collider

-   Only 1% of target luminosity collected so far. Until 2026, about 1 

𝐚𝐛T𝟏 data at Belle II. Stay tuned for more exciting results from Belle II.
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Thanks for your attention!
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Backup slides
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CKM matrix element
Belle II important task:
Constrain CKM unitarity triangle & test SM 

Several measurements carried out by Belle and Belle II:
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Belle and Belle II Datasets

• Belle (1999 - 2010)

906 fb-1 data collected so far:
• 2019: Run 1 data collection started (365 fb-1)
• 2022.06: world record L_{inst}: 4.7 \times 10^{34} cm^{-2} 
s^{-1}
• ~2023.12 LS1, New Collimator, 2-layer PXD, etc
• 2024: start of Run 2
• 2024.12.27: new L_{inst} record (Belle II off) 5.2 \times 
10^{34} cm^{-2} s^{-1}
• Plenty of physics results with the data collected so far
• LS2 planned for a major upgrade: 2032
• Targeting higher L_{inst}: 6 \times 10^{35} cm^{-2} s^{-1}
• Ultimate goal: \sim 50 ab^{-1}
• Upgrade & Redesign of the Interaction Region (IR)
• Window for upgrades of the Belle II detector
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