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Introduction of EWP

Ø Flavor-changing-neutral-current (FCNC) occurs only by loop diagrams 
in the SM
⎻ New physics (NP) appearing in the loop can change the variables like 

branching ratio, CP asymmetry, and isospin asymmetry
⎻ Electroweak Penguin (EWP) is one of such loop diagrams

Ø FCNC of B meson is relatively large thanks to Vtb~1
→Highly sensitive to NP

Ø One of the main targets of B factory experiments

2022/12/13 S. Watanuki @EWP meeting
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Today’s topic!



Introduction of Belle/Belle II

B factory at KEK
Ø Quantum correlated 𝐵 "𝐵 pairs from Y(4S) decay
Ø World record luminosity

⎻ Belle II updated the peak record of Belle
(𝐿*+,-. = 4.7×10/0/𝑐𝑚1/𝑠𝑒𝑐.)

Ø Clean environment with small background
Ø Belle II is smoothly operating with many 

upgrades from Belle2024/7 S. Watanuki @PASCOS 2024
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Belle Belle II711/fb on
U(4S) resonance

362/fb + ~86/fb on
U(4S) resonance

Vertex detector
(PXD+SVD)

Tracker
(CDC)

Particle ID
(TOP+ARICH)

EM calorimeter
(ECL)

𝑲𝑳 and 𝝁 detector
(KLM)

Run2Run1



Topics
1. EWP process 𝐵! → 𝐾!𝜈𝜈̅ (Belle II)

2. Radiative 𝐵 → 𝐾∗ 892 𝛾 (Belle II)

3. Radiative 𝐵 → 𝜌𝛾 (Belle + Belle II)

4. Double-radiative 𝐵# → 𝛾𝛾 (Belle + Belle II)

5. Time-dependent CPV of 𝐵# → 𝐾$#𝜋#𝛾 (Belle II)

2024/7 S. Watanuki @PASCOS 2024
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NEW!
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EWP process 𝐁! → 𝐊!𝝂𝝂

Ø Dominated by the loop diagrams
⎻ New particles can appear in the loop
⎻ e.g., Leptoquark,

invisible (ALP, dark sector, etc.)

Ø Unlike 𝑏 → 𝑠ℓ#ℓ$, no photon exchange 
between the 𝜈𝜈̅
⎻ Theoretically clean

Ø 2 reconstruction methods with Belle II 
362/fb:
1. Inclusive-tag
2. Hadronic-tag

2024/7 S. Watanuki @PASCOS 2024
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EWP Box Double-charged current

Enlarged 𝓑 𝑩 → 𝑲𝝂&𝝂 from SM
indicates LFV 𝓑 𝑩 → 𝑲𝝉𝝁
PRD98,055003(2018)

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.055003


Analysis and results

Ø PRD 109, 112006 (2024)
Ø First evidence for the decay (3.5s)
Ø 2.7s away from SM prediction
Ø Need to cross check with Belle, and 

further study in Belle II
Ø Inclusive method established
2024/7 S. Watanuki @PASCOS 2024
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Tagging method BR (×𝟏𝟎𝟓)

Inclusive 2.7 ± 0.5 ± 0.5

Hadronic 1.1#$.&#$.'
($.)±$.&

Combined 𝟐. 𝟑 ± 𝟎. 𝟓#𝟎.𝟒(𝟎.𝟓

This
study

Tag side B Signal B

!𝑩𝒕𝒂𝒈 𝑩𝒔𝒊𝒈

!𝝂• All accepted
(inclusive-tag)

• Hadronic decays
are reconstructed
(hadronic-tag)

𝑲2

𝝂

𝑞5 ≡ 𝑝6765

Inclusive

https://link.aps.org/abstract/PRD/v109/e112006


Radiative 𝑩 → 𝑲∗ 𝟖𝟗𝟐 𝜸

Ø Golden channel of EWP
⎻ ACP is sensitive to the 𝐼𝑚 𝐶2

⎻ Δ𝐴34 ≡ 𝐴34
5∗.6 − 𝐴34

5∗/6 is expected 
to provide a null test for SM

⎻ D0+ was found to be non-zero in 
Belle (3.1s)

Study with Belle II 362/fb data
Ø All results are consistent with SM 

and the world averages
Ø BR precision is compatible with 

that in Belle, even though 
systematics dominated

Ø To be submitted to JHEP2024/6/19 S. Watanuki @B physics seminar (KEK)
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𝑏 𝑠

"𝑞 "𝑞

𝛾
Electroweak penguin Spectator-dependent (minor)

Good agreement with the evidence in Belle

Δ8#9:;;: = 6.2 ± 1.5 ± 1.3 %

Preliminary results
• ℬ 𝐾∗𝛾 = 𝟒. 𝟏𝟐 ± 𝟎. 𝟎𝟖 ± 𝟎. 𝟏𝟏 ×𝟏𝟎&𝟓

• 𝐴34 𝐾∗𝛾 ≡ Γ85∗6 − Γ5∗6 / Γ85∗6 + Γ5∗6
= −𝟐. 𝟑 ± 𝟏. 𝟗 ± 𝟎. 𝟑 %

• Δ𝐴34 ≡ 𝐴34
5∗.6 − 𝐴34

5∗/6

= 𝟐. 𝟐 ± 𝟑. 𝟖 ± 𝟎. 𝟕 %
• Δ9: ≡ Γ5∗.6 − Γ5∗/6 / Γ5∗.6 + Γ5∗/6

= 𝟓. 𝟏 ± 𝟐. 𝟎 ± 𝟏. 𝟎 ± 𝟏. 𝟏 %

3rd error for Δ!" is due to 𝑓"#/𝑓!!

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.119.191802


5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3
)2 (GeV/cbcM

0

10

20

30

40

50

60)2
Ev

en
ts

/(3
.3

 M
eV

/c γ0ρ→0Belle II B

-1Ldt=362 fb∫

Radiative 𝑩 → 𝝆𝜸
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Ø The 𝐵 → 𝜌𝛾 decay occurs via another FCNC 
process, 𝒃 → 𝒅𝜸
⎻ BR is one order of magnitude less than 𝐾∗𝛾
⎻ Independent NP search from 𝐵 → 𝐾∗𝛾

Ø Possibility of hidden goldmine

Study with Belle (711/fb) + Belle II (362/fb)
Ø BR, ACP, and isospin asymmetries

(𝐴< = Γ=$> − Γ=%> / Γ=$> + Γ=%> )

Ø In SM, AI should be close to that of 𝐵 → 𝐾∗𝛾
⎻ ~2s tension for 𝐴;<.=. = 30&>/:>? % to date

Preliminary	results
• 𝐵𝑅 𝜌#𝛾 = 13.1$@.A$@.5#5.8#@.B ×10$C
• 𝐵𝑅 𝜌8𝛾 = 7.5 ± 1.3$8.D#@.8 ×10$C
• 𝐴< = 10.9$@@.C$E.5$B.A#@@.5#E.D#B.D %
• 𝐴FG = −8.2 ± 15.2$@.5#@.E %

Conclusion
Ø Consistent with world average and SM 

prediction
⎻ Especially, the AI is close to 𝐵 → 𝐾∗𝛾

Ø World best precision is achieved
Ø To be submitted to PRD

𝑨𝑰 𝝆𝜸

𝝓𝟐 𝜶



Double-radiative 𝑩𝟎 → 𝜸𝜸

Ø In the SM, the decay is allowed only with loop 
diagrams;

⎻ 𝓑𝑺𝑴 𝑩𝟎 → 𝜸𝜸 = 𝟏. 𝟒,𝟎.𝟖/𝟏.𝟒 ×𝟏𝟎,𝟖

⎻ Highly helicity suppressed in comparison to 
𝐵,9 → 𝛾𝛾 (factor 𝑉-@ 1/ 𝑉-, 1 ∼ 0.04)

Ø NP effect in the loop can enhance the BF
⎻ Similar to 𝐵 → 𝑋,/@𝛾 with Wilson coefficient C7

⎻ Complementary test of C7 for different 
contribution of 4-quark operators

2024/7 S. Watanuki @PASCOS 2024
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Box diagram Penguin diagram

𝑏
𝑞

𝑞
𝑞

𝑑̅

𝑊$

𝛾

𝛾

𝑏

𝑑̅

𝛾

𝛾

𝑞

𝑞
𝑞

𝑊$

Exp. U.L.

Belle (104/fb) < 𝟔. 𝟐×𝟏𝟎&𝟕

BaBar (426/fb) < 𝟑. 𝟐×𝟏𝟎&𝟕

To be updated by
Belle + Belle II joint
→ More than 1/ab

expected small,
but can lead ACP



Results

Ø arXiv:2405.19734
Ø Observed signal significance is 2.5s
Ø U.L. is order of 10-8

(same order of the SM prediction)
⎻ Expected U.L. from the simulation is

< 𝟒. 𝟒×𝟏𝟎!𝟖 at 90% CL
2024/7 S. Watanuki @PASCOS 2024
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Preliminary 𝓑 𝑩𝟎 → 𝜸𝜸 ×𝟏𝟎𝟖 U.L. (90% CL)

Belle 5.4&1.?:/./ ± 0.5 < 9.9×10&C

Belle II 1.7&1.0:/.2 ± 0.3 < 7.4×10&C

Combined 𝟑. 𝟕&𝟏.𝟖:𝟐.𝟐 ± 𝟎. 𝟕 < 𝟔. 𝟒×𝟏𝟎&𝟖

Beam-constrained
mass of B

Energy dif.
b/w beam and B

Converted
BDT output

http://arxiv.org/abs/2405.19734


Time-dependent CPV of 𝑩𝟎 → 𝑲𝑺𝟎𝝅𝟎𝜸

2024/7
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bR qL

gL

bL qR

gR
C7 C’7 (suppressed in SM)

W- W-

C7
W+

bL qR

gR

- -

Mixing Interference is suppressed in the SM
Non-zero TDCPV indicates NP

• New physics which enhances the right-handed 
photon process can allow a non-zero TDCPV for 
𝐵8 → 𝑉𝛾

• The NP effect can be independent between 𝑉 =
𝐾∗8 and 𝑉 = 𝜌8

S. Watanuki @PASCOS 2024



0.6− 0.4− 0.2− 0 0.2 0.4 0.6
CP asymmetry

𝑩𝟎 → 𝑲𝑺
𝟎𝝅𝟎𝜸 in Belle II

Ø 362/fb, preliminary result
Ø No charged track from the primary vertex

⎻ Assuming beam spot to which the 𝐾F9
momentum is extrapolated

⎻ Very challenging
⎻ Unique analysis for B factory

Ø Belle II result is better than Belle (2006) for the 
𝐾∗ 892 resonance
⎻ Thanks to the improved flavor-tagging and vertex 

resolutions

Ø To be submitted to PRL
2024/7 S. Watanuki @PASCOS 2024
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𝑺𝑲∗𝟎𝜸

𝑪𝑲∗𝟎𝜸

𝑺𝑲𝑺𝝅𝟎𝜸

𝑪𝑲𝑺𝝅𝟎𝜸

Belle (2006)
Belle II
(preliminary)

𝑲∗ 𝟖𝟗𝟐 𝒓𝒆𝒔𝒐𝒏𝒂𝒏𝒄𝒆

𝑴 𝑲𝑺𝝅𝟎
∈ 𝟎. 𝟔, 𝟎. 𝟖 ⋃ 𝟏. 𝟎, 𝟏. 𝟖 𝑮𝒆𝑽/𝒄𝟐



Summary
Ø Reported the EWP analyses in Belle and Belle II

⎻ Some studies use Belle + Belle II data to achieve the current best 
precision

⎻ No evidence for new physics so far

Ø Many world-leading results
⎻ 3.5s evidence for 𝐵/ → 𝐾/𝜈𝜈̅
⎻ World best precision for 𝐵 → 𝜌𝛾, 𝐵 → 𝛾𝛾 by Belle + Belle II
⎻ Most of them are unique to Belle / Belle II for the final states with 

neutral particles or missing energy

Ø Thanks to many updates, some studies in Belle II showed 
comparable (or rather better) precision than Belle

Ø Please look forward the new results from Belle II run2!

2024/7 S. Watanuki @PASCOS 2024
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