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➢Accelerator: KEKB → SuperKEKB

➢Detector: Belle → Belle II

Asymmetry accelerator: 

7 GeV@𝒆−, 4 GeV@𝒆+
final focus system: key of high luminosity 

𝟔 × 𝟏𝟎𝟑𝟓𝐜𝐦−𝟐𝐬−𝟏

Belle II

~𝟑 𝐤𝐦 𝐥𝐨𝐧𝐠

X1.5
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➢Detector: Belle → Belle II

𝐸(𝛾/𝑒): 𝜎(𝐸)/𝐸 ≈ (1.6 − 4)%

Hadron PID: 90% efficiency at 10% contamination

Lepton PID: 𝑒: 90% efficiency at 0.5% 𝜋 contamination

𝜇: 90% efficiency at 7% 𝐾 contamination 

𝑃𝑡 of charged-particle: 𝜎(𝑃𝑡)/𝑃𝑡 = 0.4%/pT [GeV/c]
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Operation with full detector started in 2019. 

• Luminosity 4.7 × 1034𝑐𝑚−2 𝑠−1 achieved (Jun 8, 2022). 

✓World record (~ 2 of KEKB) 

✓Aiming one order higher. 

• 440 fb−1 of data accumulated so far. 

✓Belle: 1 ab-1 (= 1000 fb-1) in 11 years’ operation. 

✓Belle II target: 50 ab-1.

During Long Shut down:
➢ Belle II had the first long shutdown for PXD fully
➢ Improved CDC gas distribution and monitoring

1 ab-1 (Belle data sample)
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Depleted Monolithic Active Pixel Sensors



What Belle II can do?
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• QCD 
– Bottomonia, charmonia and exotic hadrons
– HVP with radiative return for muon g-2 

– fragmentation 
– etc

• EW 
– Weak mixing angle 

– etc

• Light new particle searches 
– Dark sector mediators 
– etc

• And more
- Bell's inequality

- etc

• Flavor physics 
– B 

• CKM Unitarity Triangle 
• Rare decays 
• Lepton Flavor Universality 
• etc

– Charm 
• CPV 
• mixing 
• Lifetime 
• etc

– t 
• Mass 
• Lifetime 
• CPV 
• EDM 
• etc



CKM
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𝛼 = 𝜙2 𝛽 = 𝜙1 𝛾 = 𝜙3

❖ d → u: Nuclear physics (superallowed β decays)

❖ s → u: Kaon physics (KLOE, KTeV, NA62)

❖ c → d, s: Charm physics (CLEO-c, Babar, Belle, BESIII)

❖ b → u, c and t → d, s: B physics (Babar, Belle, CDF, DØ, LHCb)

❖ t → b: Top physics (CDF/DØ, ATLAS, CMS)



𝛽 = 𝜙1: Decay-time-dependent CPV in B decays 
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Error at 2.4%, dominated by systematic uncertainty (vertex and flavor tag algorithm) 



𝛽 = 𝜙1: Decay-time-dependent CPV in B decays 
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𝑩𝟎 → 𝑱/𝝍𝑲𝑺
𝟎

Belle II is the only experiment capable of pursuing these measurements  
Hinting BSM

𝑩𝟎 → 𝜼′𝑲𝑺
𝟎

sin 𝟐𝝓𝟏
′ = 𝟎. 𝟔𝟕 ± 𝟎. 𝟏𝟎 ± 𝟎. 𝟎𝟒



𝛼 = 𝜙2: TDCPV in 𝒃 → 𝒅
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Least known CKM angle

• Dominated by 𝑏 → 𝑢 ത𝑢𝑑(tree), but with sizeable 𝑏 → 𝑑 penguin amplitude.
➢ hard to interpret in perturbative calculations

• 𝐵 → 𝜋𝜋.
➢ Penguin and tree contributions can be disentangled using the isospin relations：

ഥA𝜋+𝜋0 =
1

2
ഥA𝜋+𝜋− + ഥA𝜋0𝜋0 and A𝜋+𝜋0 =

1

2
A𝜋+𝜋− + A𝜋0𝜋0 (Isospin sum rules)

Dominated uncertainty:

ℬ 𝐵0 → 𝜋0𝜋0 = 1.59 ±  0.26 ×  10−6 

𝐴𝐶𝑃 (𝐵0 → 𝜋0𝜋0) = 0.33 ±  0.22 (1 order larger than others)
Further uncertainty 
of 𝐴𝐶𝑃 (𝐵0 → 𝜋0𝜋0)

82−4.3
+4.8 °



𝛼 = 𝜙2: TDCPV in 𝒃 → (𝒖𝒖)𝒅
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Least known CKM angle

• Most promising channel: 𝐵 → 𝜌𝜌: uncertainty of 4 degrees.
➢ almost all longitudinally polarized → purely CP-even

➢ℬ 𝐵0 → 𝜌0𝜌0 /ℬ 𝐵0,+ → 𝜌+𝜌 ~4% →small penguin contribution

Future Precision:
 2.5 degrees using under 10 𝑎𝑏−1 using 𝐵 → 𝜌𝜌
 0.6 degrees using under 50 𝑎𝑏−1 using 𝐵 → 𝜌𝜌 and 𝐵 → 𝜋𝜋

Further uncertainty  of 𝐴𝐶𝑃  (𝐵0 → 𝜋0𝜋0)

Main Systematic uncertainties:
data-simulation mismodeling in angular distributions 
𝜋0 reconstruction efficiency

improve with luminosity.

82−4.3
+4.8 °

𝑲𝝅 puzzle
CPV in 𝐵 → 𝐾𝜋 decay differ from SM about 3𝜎

≈ 0 with O(0.01)
Isospin sum rules



𝛾 = 𝜙3: tree-level decays with D
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⚆ CPV in the interference 𝒃 → 𝒄ഥ𝒖𝒔 and 𝒃 → 𝒖ത𝒄𝒔 :

⚆ Theoretical uncertainty on measurement is  
𝜹𝝓𝟑

𝝓𝟑
~ 𝟏𝟎−𝟕

⚆ Test physics beyond SM

𝜙3 = 78.4 ± 11.4 ± 0.5 ± 1.0 ∘JHEP02(2022)063

-- 𝑩𝟎 → 𝑫 → 𝑲𝑺𝒉+𝒉− 𝑲∗𝟎

𝜙3 = (49−18
+23)∘

• Limited statistics, 

• CPV still observed 

in some bins

-- 𝑩− → 𝑫∗(→ 𝑫 → 𝑲𝑺𝒉+𝒉− 𝝅𝟎/𝜸)𝒉−

LHCb-PAPER-2023-009 

𝜙3 = (69 ± 14)∘

-- 𝑩− → 𝑫 → 𝑲+𝑲−𝝅+𝝅− )𝒉−

𝜙3 = (116−14
+12)∘

LHCb-PAPER-2023-012 

Eur. Phys. J. C83 (2023) 547 

Data limited！~ 1.5∘ (50 ab−1 @Belle II) 
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Semileptonic B Decays
❖ determine the CKM elements |Vcb| and |Vub| 

The current experimental focus is on 

understanding the origin of this discrepancy. 
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Semileptonic B Decays
|Vub| :

Exclusive: most effective channel: 𝐵 → 𝜋 ℓ− ҧ𝜈ℓ

𝑉𝑢𝑏
𝐶𝐾𝑀 :

(3.6 ± 0.07) × 103

PRL131.211801(2023)

Uncertainties of 3% or better are expected
Inclusive:

Uncertainties of 2.2% under 5𝒂𝒃−𝟏

𝐵 → 𝜏𝜈, 𝜇𝜈
Uncertainties of 2.5% under 5𝒂𝒃−𝟏
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Semileptonic B Decays
|Vcb| : Belle II has an edge over any existing or foreseen experiment 

Parameterisations

Caprini-Lellouch-Neubert (CLN) [Nucl. Phys. B530, 153] 

Boyd-Grinstein-Lebed (BGL) [Phys. Rev. D56, 6895]

Ultimately Belle II will accomplish measurements of |Vcb| to O(0.01) precision. 

Inclusively:



15

Semileptonic B Decays

❖ 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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Semileptonic B Decays

❖𝑏 → 𝑠ℓℓ

Belle II is the only experiment capable of exploring these key channels

❖ 𝑩+ → 𝑲+𝝂𝝂

ℬ(𝐵+ → 𝐾+𝜈𝜈) WRT SM :

3σ (5σ) for the baseline (improved)

arXiv:2311.14647
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Charm Physics Table from Longke
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Charm Physics CP violation effects are small at charm sector ≤ 𝑶(𝟏𝟎−𝟑)

𝑫 → 𝝅+𝝅−

Belle have advantage in channel with 𝜸:

Belle II will dominate the precision and be the only existing 

experiment able to precisely measure 𝑨𝒄𝒑 (𝑫𝟎 → 𝝅𝟎𝝅𝟎)

Rare charm decays

𝐵(𝐷0 → 𝛾𝛾) < 8. 5 × 10−7 at 90% CL 
two orders of magnitude above 
the SM prediction
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𝝉 Physics
@10.58 GeV: 𝜎 𝑒+𝑒− → 𝜏+𝜏− = 0.92 𝑛𝑏

𝜎 𝑒+𝑒− → Υ(4𝑆) = 1.11 𝑛𝑏

𝚪 𝑳− → ℓ− ഥ𝒗ℓ 𝝂𝑳 𝜸 =
𝓑(𝑳−→ℓ− ഥ𝒗ℓ 𝝂𝑳 𝜸 )

𝝉𝑳
=

𝒈𝑳
𝟐𝒈ℓ

𝟐

𝟑𝟐𝑴𝑾
𝟒

𝒎𝑳
𝟓

𝟏𝟗𝟐𝝅𝟑 𝒇
𝒎ℓ

𝟐

𝒎𝑳
𝟐 𝑭𝒄𝒐𝒓𝒓 𝒎𝑳, 𝑴ℓ

f x = 1 − 8x + 8x3 − x4 − 12x2 ln x

Fcorr mL, Mℓ = f(
mℓ

mL
)(1 +

3mℓ
2

5MW
2 )(1 +

α mL

2π
(

25

4
− π2))

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

input Uncertainty (%)
Best 

Measurement

𝓑(𝝉− → ℓ− ഥ𝒗ℓ 𝝂𝝉 𝜸 ) 0.180 ALEPH

𝝉𝝉 0.172 Belle

𝒎𝑳 0.007 BES III
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Measurement of 𝝉 mass

arxiv:2008.04665

half data size as Belle and BaBar, 
BUT better statistical precision! 

World’s best measurement of the 𝝉 mass! 

Even better than our estimation 
when using 8.75 fb1 data! 
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Lepton Flavor Universality Violation 
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CPV
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Electric Dipole and Magnetic Dipole Moments 

In SM:   𝒂𝝉 = 𝟏𝟏𝟕𝟕𝟐𝟏 𝟓 × 𝟏𝟎−𝟖 𝒅𝝉 ≈ 𝟏𝟎−𝟑𝟕𝒆𝒄𝒎
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LFV
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Summy:
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Summy:
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Belle II Cons and Pros (vs. LHCb) 
• Pros. 
– Smaller background cross section (O(1)nb vs. O(10)mb) 
• 

~3.4nb for 𝑒𝑒 → 𝑞𝑞, ~1.08nb for 𝑒𝑒 → 𝑌(4𝑆) → 𝐵𝐵

– Almost 100% trigger efficiency for BB events (11 charged + 5 photons in average ). 
• Main triggers 
– 3-track || 2-track with opening angle|| ECL energy sum >1GeV || ECL # of Clusters >=4 

• Absolute BF measurement possible. 

– Two level trigger system for low multiplicity events 
• Many dark sectors signature (X+missing) can be triggered 

– High hermeticity 4p x 94% 
• High reconstruction efficiency of O(1)~O(10)%. 
• Full reconstruction of B meson possible (tagging of the other B meson) 
– More than one missing neutrino modes ➔ 𝐵 → 𝐷 ∗ 𝜏𝜈, 𝐵 → 𝜏𝜈, 𝐵 → 𝐾(∗)𝜈𝜈, 𝐵 → 𝐾𝜏𝜏, 𝐵 → 𝜈𝜈

• 4 momentum conservation usable ➔ dark sector searches 

– Detection of electron 
• Detection efficiency of electron is almost the same as that of muon ➔ test of LFU 
• Easy to recover bremsstrahlung photon 

– Detection of neutrals 
• reconstruction of g, p0 and Ks efficiently ➔ sum-of-exclusive method for 𝐵 → 𝑋𝑠𝑙 𝑙 , 𝐵 → 𝜋0𝜋0, 𝐵(𝑠) → 𝛾𝛾

• Better energy resolution of hard g ➔ 𝐵 → 𝐾∗𝛾 background to 𝐵 → 𝜌𝛾 can be suppressed
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Belle II Cons and Pros (vs. LHCb) 
• Cons. 
– Statistics of b hadrons!! (cross section 1nb vs. 144mb) 
• We will only have 1011 B mesons with 50𝑎𝑏−1 on Y(4S) and 5 × 108 𝐵𝑠 with 5𝑎𝑏−1 on Y(5S) 
– No large samples of b baryons and 𝐵𝑐

• Production of these hadrons are not yet established at 𝑒+𝑒− collisions around Y(nS). 
– Proper time resolution is worse and B meson is not so boosted. 
• Background suppression with B vertex displacement is not so easy 
• Bs mixing (Δ𝑚𝑠) can not be measured (while ΔΓ𝑠 can be measured).
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