
Electroweak penguins and 
radiative decays at Belle II

Elisa Manoni 
(Istituto Nazionale di Fisica Nucleare, Sezione di Perugia)

for the                            collaboration

1

56th Rencontres de Moriond 2022, Electroweak Interactions & Unified Theories 
March 12th-18th, 2022



Elisa Manoni - INFN PG 03/17/2022

• New Physics (NP) can enter as:

• new mediators in loop and  box or new tree level diagrams

• new sources of missing energy (e.g. in b➝s𝜐𝜐) 

• Can modify rates, asymmetries, angular distributions ➝ variety of 
interesting channels and measurable

Electroweak and radiative penguins
• b➝s transition: Flavour Changing Neutral Current prohibited @ tree 

level in the standard model (SM):

• 10-7 - 10-5 predicted BF, with 10-30% uncertainties (dominated by 
soft QCD effects)

• more accurate precisions for angular observables, asymmetries 
and ratios
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Cornella et al,  arXiv:2103.16558 

parameter regions preferred for different type of 
NP interactions consistent with flavour 

anomalies measurements

1𝜎

2𝜎

https://arxiv.org/abs/2103.16558
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BelleII @ SuperKeKB (I) 
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• SuperKeKB and Belle II detector already described by previous Belle II speakers

• From Apr 2019 to Dec 2021:

• 268 fb-1 “on-resonance data” collected at the 𝛶(4S) mass

• 18 fb-1  “off-resonance” data collected 60 MeV below
Will show today results 
with 63 fb-1 or 190 fb-1 



Elisa Manoni - INFN PG 03/17/20224

Good kaon identification, 
underperforming wrt Belle, 
improvements in progress

High photon detection 
efficiency, 

Belle-like resolution π0 mass

Good Lepton ID, Muon/
Electron-ID over/under 
performing wrt Belle, 

improvements in progress

BELLE2-NOTE-PL-2021-008

• A glance to Belle II performances relevant to analysis presented in this talk:

BELLE2-NOTE-PL-2022-003

BelleII @ SuperKeKB (II) 

https://docs.belle2.org/record/2604/files/BELLE2-NOTE-PL-2021-008.pdf
https://docs.belle2.org/record/2895/files/Lepton_identification_Moriond_2022__v2.pdf
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LFU violation in b→s𝓁𝓁 final states and Belle II contribution
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BELLE2-NOTE-PL-2021-005•  Belle II, which enjoys nearly symmetric electron/muon reconstruction 
performance, can:

• provide independent check of R(K(∗)) anomalies with > 5-10 ab-1

• measure R(Xs) 

• provide independent measurement of absolute BF for  e and 𝜇 (e.g. 
constraint on C9 Wilson coefficient, separately for the two modes)

• 2021 preliminary result on  for B+➝K+l+l-  with  63 fb−1 of Belle II data:  
2.7𝜎 significance  for signal 

• State of the art: 
3.1𝜎 evidence for 
LFU violation by 
LHCb 

MBC = s/(4c2) − ⃗p *B /c
2

https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-005.pdf
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B→K∗𝓁𝓁 branching fraction (I)
•  Belle II search for B➝K∗l+l-  (l= e, 𝜇) with  189.26 fb−1 

• Fully reconstructed mode, K∗➝K+π-, K+π0, Ksπ+ + 2 same-flavour 
leptons: ~2%-14% reconstruction efficiency depending on the mode

• Background suppression: 

• veto on ll invariant mass to suppress J/ψ, ψ(2S) ➝l+l-

• BDT with kinematic and event shape variables to suppress 

mis-reconstructed events from BB and qq

• ad-hoc cuts to suppress background peaking in Mbc , e.g.
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both pions 
mis-identified 

as muons

B+ → D0 ( K+ π0 π- )  π+ events peaking in Mbc  for B0→K∗0(K+π0)𝜇𝜇 mode

⟹ veto in (K+π0𝜇-)  invariant mass

fake K∗0 
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B→K∗𝓁𝓁 branching fraction (II)

• Systematic uncertainties: dominant contributions from data/simulation mis-modelling  of particle 
identification and from B-counting (BF normalisation)
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• B➝J/ψ(𝓁𝓁)K∗ used as control sample

• computation of fit parameters for signal PDF

• efficiency correction factor for residual data/MC disagreement after all selection cuts and data/MC corrections 
related to particle reconstruction performances are applied

● data
signal PDF

background PDF
total PDF

B➝J/ψ(𝜇𝜇)K∗ B➝J/ψ(ee)K∗ 

ΔE = E*B − s /2
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B→K∗𝓁𝓁 branching fraction (III)
• Signal yield extracted from 2D fit to Mbc and 𝛥E

• Branching fraction in entire q2 range excluding J/ψ and ψ(2S) resonances:
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• Precision for electron and muon channels in 
the same ballpark

• Limited by sample size

• Electron channel “only” 2.5𝜎 worst wrt PDG, 
expected to became competitive with 1 ab-1

PDG averages
(1.06 ± 0.09) x 10-6

(1.19 ± 0.20) x 10-6

(1.05 ± 0.10) x 10-6

● data
signal PDF

background PDF
total PDF

B➝K∗𝓁𝓁  fit projections

• Will provide essential independent check of anomalies with few 1/ab
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• Full reconstruction of only 1 B in the event
• Reconstruction and selection efficiency 

~2-15% depending on  K∗ mode

Radiative b→s transitions 
• b→s𝛾 has higher rates wrt b→s𝓁𝓁, variety of 

reconstruction techniques feasible at Belle II → 
optimally suited/unique for Belle II

• State of the art on 𝑩→𝑲∗𝜸 and 𝑩→𝑿𝒔𝜸,  best 
measurements from Belle

• Reconstruction strategies:
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𝑩→𝑲∗𝜸 𝑩→𝑿𝒔𝜸

BF precision 3% [3] 10% [2] 

ACP consistent with zero and SM predictions [1] , [3] 

𝛥0-
first evidence for isospin 

violation @ 3.1σ [3] consistent with zero [1] 

[1] Phys. Rev. D 99, 032012 (2019), 711 fb-1, [2] Phys.Rev.D 91 (2015) 5, 052004, 711 fb-1, 
[3] Phys. Rev. Lett. 119, 191802 (2017), 711 fb-1

• Inclusive signal side reconstruction, require 1 high energy photon
• Different strategies for other-B reconstruction:

B➝K∗𝛾 B➝Xs𝛾

K∗
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B→K∗𝛾  branching fraction
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• 𝑩→𝑲∗𝜸 branching fraction measurement, 
with 63 fb-1

• Signal yield extracted from unbinned 
maximum likelihood fit to 𝛥E

• Measured branching fractions:

• Main systematic contributions from fit 
modelling , mis-modelling of π0/𝜂 veto 
and selection variables in simulation 
(depending on the mode) 

• Analysis update with available dataset 
ongoing to measure BF and isospin 
asymmetry

hep-ex:2110.08219

(hard photon from asymmetric 
π0/𝜂 faking signal 𝛾) 

https://arxiv.org/abs/2110.08219
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B→Xs𝛾  photon spectrum with fully untagged method

11

• Update of the measurements with inclusive 
(improved method), hadronic and semileptonic 
tag ongoing, BF first and asymmetries later on

BELLE2-NOTE-PL-2021-004

• 𝑩→𝑿𝒔𝜸 with untagged method, with 63 fb-1 

• Reconstruct only high energy 𝜸 from signal side, 

• Signal photon spectrum obtained by subtracting expected 
background from data

• BB estimated from simulation

• qq from off-resonance data

• Excess visible in the expected signal region

https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-004.pdf
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B+→K+𝜐𝜐 search (I)
• Connected to flavour anomalies, one of the missing energy modes 

unique to Belle II

• SM expectation: (4.6 ± 0.5) × 10−6 (A. J. Buras et al.,  High Energy Phys. 02, 184 (2015))

• Key ingredient in BaBar and Belle searches: hadronic and semileptonic 
tag side reconstruction, tag efficiency at per-cent/per-mille 

• Novel inclusive approach on 63 fb-1 of Belle II data:

• Signal kaon = highest pT track

• Associate all other tracks and clusters to other B in the event 

• Use multivariate approach (2 BDTs in cascade) based on kinematics, 
event shape and vertexing variables to suppress background 

• Signal efficiency ~  4.3 % (SM signal)
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Phys.Rev.Lett. 127 (2021) 18, 181802

Signal

https://inspirehep.net/literature/1860766
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• Extract signal from simultaneous maximum 
likelihood fit to on-resonance + off- resonance 
data in bins of pT(K+) and second BDT

• Results:

• signal strength:

• Upper Limit @ 90% CL:

• corresponding BF:

•Signal strength consistent with SM exp (𝜇=1) at  1 
𝜎 and  with background-only hypothesis at 1.3  𝜎

•Leading systematics: background normalisation 
uncertainty, room for improvement

Phys.Rev.Lett. 127 (2021) 18, 181802

• Comparing theory and experiments: 
• Inclusive method offers 20%—350% 

sensitivity improvement over previous 
approaches

μ = 4.2+2.9
−2.8±

+1.8
−1.6

ℬ(B → Kνν̄) < 4.1 × 10−5

ℬ(B → Kνν̄) = (1.9+1.6
−1.5) × 10−5

B+→K+𝜐𝜐 search (II)

https://inspirehep.net/literature/1860766
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Conclusions
• b➝s transitions are powerful probes for physics beyond SM 

• Belle II is accumulating high quality data

• healthy complementarity with LHCb on LFU violation in b➝s𝓁𝓁 modes, can perform 

independent BF measurement for K(∗)ee and K(∗)𝜇𝜇 final states with similar performances 

• unique environment to study radiative decays and missing energy modes

• Measurements with 63fb-1 and 190fb-1 have been shown

• B→K∗𝓁𝓁 branching fraction measurement new for Moriond22 

• Inclusive and exclusive measurements on b→s𝛾 decays

• B+→K+𝜐𝜐 inclusive measurement in the same ballpark wrt Belle and BaBar ones with ~1/10 
Belle statistics
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Extra slides
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Luminosity plans (I)
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F. Forti @ VCI 2022

https://indico.cern.ch/event/1044975/contributions/4663661/attachments/2396099/4096983/20220223_VCI_Belle_II_upgrade.pdf
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Luminosity plans (II)
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Details on systematics (I)
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B→K∗𝓁𝓁 systematics table

B→K∗𝛾 systematics table
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Details on systematics (II)
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Belle coll, Phys.Rev.D 91 (2015) 5, 052004, untagged Xs𝛾 sum of exclusive, 711 fb-1

Belle coll, Phys.Rev.Lett.103:241801,2009, 
untagged Xs𝛾  inclusive, 605 fb-1

https://arxiv.org/pdf/1411.7198v1.pdf
https://arxiv.org/pdf/0907.1384v2
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Details on systematics (III)
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Phys.Rev.Lett. 127 (2021) 18, 181802

https://inspirehep.net/literature/1860766
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Collection of projections from physics book (I)
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The Belle II Physics Book,  PETP 2019, 123C01 (2019)  

https://arxiv.org/pdf/1808.10567
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Collection of projections from physics book (II)
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tagged analysis ONLY!

The Belle II Physics Book,  PETP 2019, 123C01 (2019)  

https://arxiv.org/pdf/1808.10567
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Collection of projections from physics book (II)
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The Belle II Physics Book,  PETP 2019, 123C01 (2019)  

https://arxiv.org/pdf/1808.10567



