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• b → s/d transitions forbidden at tree level in SM  

                           occur at loop level

• low branching fractions – experimentally 
challenging

• clear theoretical predictions – sensitive 
probes for NP contributions
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Electroweak decays
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Belle&Belle II
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• KEKB → SuperKEKB

• 𝑒+𝑒− → Υ 4𝑆 → 𝐵 ത𝐵

• 𝑒+𝑒− → 𝑞 ത𝑞 - continuum background (x5 times of 𝐵 ത𝐵)

• Known initial state, clean environment

Belle Belle II

On-res 711 𝑓𝑏 −1 365 𝑓𝑏 −1 ∗

Off-res 90 𝑓𝑏 −1 42 𝑓𝑏 −1

Δ𝐸 = 𝐸𝐵
∗  − 𝐸𝑏𝑒𝑎𝑚

∗

𝑀𝑏𝑐 = 𝐸𝑏𝑒𝑎𝑚
∗ 2  − 𝑝𝐵

∗ 2

Belle II detector

*some analysis quote 362 𝑓𝑏−1
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𝐵0 → 𝛾𝛾

Box and penguin diagrams in SM

Theory 
prediction 
(× 10−8)

Babar
(× 10−7)

Belle (104 fb-1) 
(× 10−7)

1.4−0.8
+1.4 3.2 6.2

Theory prediction and 
previous searches, UL 90%

• W boson emitted and reabsorbed

• Suppressed in comparison to 𝐵𝑠 → 𝛾𝛾 by factor 
~25, due to CKM elements hierarchy

• No charged particles in final states, only studies at 
B factories



• 2 consecutive BDT classifiers trained  
- 𝜋0 and continuum rejection

• Overall signal efficiencies
• 23.3 ± 0.1% - Belle
• 30.8 ± 0.1% - Belle II

• Simultaneous 3D unbinned maximum 
likelihood fit in Δ𝐸, 𝑀𝑏𝑐  and 𝐶𝐵𝐷𝑇

′  
variables

• Dominant systematics uncertainty  - 
photon efficiency

• Obtained UL 5 times more restrictive 
than the previous BaBar result 
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𝐵0 → 𝛾𝛾

Combined Belle+Belle II[Phys. Rev. D 110, L031106]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031106


• Involves 𝑏 → 𝑑 transition  - can be affected by  NP not present 
in 𝑏 → 𝑠, BF one order of magnitude smaller 

• World average for 𝒜𝐼: 0.30−0.13
+0.16

• Predicted SM value for 𝒜𝐼: 0.052 ± 0.028

• Tension with SM observed in 𝒜𝐼  
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𝐵 → 𝜌𝛾
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𝐵 → 𝜌𝛾

• Signal modes: 𝐵+ → 𝜌+ 𝜋0𝜋+ 𝛾,  𝐵0 → 𝜌0 𝜋+𝜋− 𝛾 

• 2 BDT classifiers  trained  - 𝜋0 and continuum 
rejection

• Simultaneous fit in Δ𝐸, 𝑀𝑏𝑐 and 𝑀𝐾𝜋 (useful to 
reject 𝐵 → 𝐾∗𝛾 background) variables

• Dominant systematics  - selection criteria (data/MC 
agreement after BDTs evaluated in control channels 
𝐵 → 𝐷𝜋 and 𝐵 → 𝐾∗𝛾)

• Obtained result most precise up-to-date

• 𝓐𝑰 in agreement with SM prediction
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Combined Belle+Belle II[arXiv:2407.08984]

https://arxiv.org/abs/2407.08984


𝑏 → 𝑑𝑙+𝑙− 

• 𝐵 → 𝜋, 𝜔, 𝜂, 𝜌 𝑙+𝑙−, 𝑙 = 𝑒, 𝜇

• Previous searches:
• UL for 𝐵 → 𝜋, 𝜂 𝑙+𝑙−  - by Babar and Belle, order of 10-8

• ℬ𝑟 𝐵+ → 𝜋+𝜇𝜇 = 1 .78 ± 0.22 ± 0.03 x10−8 - LHCb
• ℬ𝑟 𝐵+ → 𝜌0𝜇𝜇 = 1 .98 ± 0.53 x10−8 - LHCb

• 𝐽/𝜓 veto and continuum rejection BDT

• Simultaneous 2D unbinned maximum likelihood 
fit in Δ𝐸, 𝑀𝑏𝑐  

• Various peaking backgrounds across channels – 
taken into account in fit 
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Belle

• World’s best upper limits set for 10 decays

• First search for 𝑩 → 𝝎, 𝝆 𝒍+𝒍−

• Consistent with BFs measured in LHCb 

• 𝑈𝐿 𝐵+ → 𝜌+𝑒+𝑒− = 46.7x10−8

• 𝑈𝐿 𝐵+ → 𝜌+𝜇+𝜇− = 38.1x10−8

[Phys. Rev. Lett. 133, 101804]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101804


𝐵+ → 𝐾+𝜈 ҧ𝜈ҧ
• Theoretical prediction free of hadronic 

uncertainties, exact factorization:  

             ℬ 𝐵+ → 𝐾+𝜈 ҧ𝜈 = (5.58 ± 0.37) × 10−6
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• Inclusive tag (ITA) selection:
• BDT1 – to reject vast majority of BB and continuum 
• BDT2 – to select signal

Belle II

• Difficult to measure – missing energy of 2 
neutrinos – only possible to study at B-factories

• Hadronic tag (HTA) selection:
• Tag side B reconstructed in hadronic channel 

via Full Event Interpretation (FEI)
• BDTh – to select signal

signal 
candidate 



𝐵+ → 𝐾+𝜈 ҧ𝜈ҧ
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Belle II

• Full table of systematics in ITA



𝐵+ → 𝐾+𝜈 ҧ𝜈ҧ
• Sensitive to MC modelling of various background sources (both 

ITA and HTA)
• Modelling of continuum

• Data/MC agreement check in off-resonance – a BDTc 
classifier trained to reshape distributions + a scaling 
factor

• 𝐵 ത𝐵 decays modelling
• 𝐵+ → 𝐾+𝐾𝐿

0𝐾𝐿
0 -  reweighted according to BaBar study

• 𝐵 → 𝐷 → 𝐾𝐿
0 - scaling for this type of events defined 

from pion-enriched data sample
• Uncertainties of BFs of other B decays – as a systematic 

uncertainty 

• Signal efficiency verified using embedded sample (kaon 
candidate reconstructed from 𝐵 → 𝐾𝐽/𝜓 decay in data and 
combined with ROE)
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Belle II



𝐵+ → 𝐾+𝜈 ҧ𝜈

• 2D binned maximum likelihood fit – in bins of 𝑞2 and 
efficiency quantiles 𝜂 = 1 − 𝜖 𝐵𝐷𝑇2  

• Combined fit result:
ℬ𝑟 𝐵+ → 𝐾+𝜈 ҧ𝜈 = 2.3 ± 0.7 x10−5

• First evidence with 𝟑. 𝟓𝝈 significance and 𝟐. 𝟕𝝈 
deviation from SM 

Nadiia Maslova, HEPHY Studies of radiative and EWP penguin decays Belle/II. PPC 2024 12

ITA – postfit in off- and on-resonance data
Belle II

[Phys. Rev. D 109, 112006]

• ITA fit result:
ℬ𝑟 𝐵+ → 𝐾+𝜈 ҧ𝜈 = 2.7 ± 0.7 x10−5

• HTA fit result:
    ℬ𝑟 𝐵+ → 𝐾+𝜈 ҧ𝜈 = 1.1−1.0 

+1.2 0.7 x10−5

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006


Summary

• 𝑩 → 𝜸𝜸               5 times more restrictive limits than BaBar

• 𝑩 → 𝝆𝜸              𝒜𝐼 in agreement with SM 

• 𝑩 → 𝒅𝒍𝒍             most stringent limits, first search for several modes

• 𝑩 → 𝑲𝝂ഥ𝝂           first evidence (3.5𝜎 ) in Belle II, 2.7𝜎 away from SM
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Thank you for attention!



Backup
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𝐵 → 𝜌𝛾
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𝐵0 → 𝛾𝛾
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𝑏 → 𝑑𝑙+𝑙− 
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𝐵+ → 𝐾+𝜈 ҧ𝜈
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𝐵+ → 𝐾+𝜈 ҧ𝜈
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𝐵+ → 𝐾+𝜈 ҧ𝜈
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𝐵+ → 𝐾+𝜈 ҧ𝜈
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