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Introduction

p Radiative and Electroweak penguin decays are flavor-changing neutral current (FCNC), 
which proceeds via one-loop diagrams in the standard model (SM) and thus suppressed.

p New physics (NP) can appear in the loop or mediate FCNC at tree level.
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SuperKEKB and Belle II experiment

p Asymmetric 𝑒"(7 GeV) 𝑒#(4 GeV) collider. 

p CM-energy is at Υ 4𝑆 resonance, 10.58 GeV à Produce 𝐵 5𝐵-pair efficiently.

p Precise study of 𝑏, 𝑐, 𝜏 to search NP in the clean experimental environment.
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Status of SuperKEKB and Belle II

p New world record of luminosity : 
l L = 3.1x1034 cm-2 sec-1

l 12 fb-1/week, 40.3 fb-1/month
(KEKB : 2.1x1034 cm-2 sec-1, 8 fb-1/week, 29.4fb-1/month)

p Total integrated luminosity : 213 fb-1

l >120 fb-1 in Feb-June 2021
l Today’s results : 

62.8 fb-1 at Υ 4𝑆 + 9 fb-1 at off-resonance
(off-resonance = 60 MeV below the Υ 4𝑆 )
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Radiative Penguin Decays 𝒃 → 𝒔𝜸

p Relatively large branching fraction, O(10-5)

p Great sensitivity to new heavy particle which can 
enter the loop.
l Strong constraint on the Charged Higgs

is obtained from Br 𝐵 → 𝑋!𝛾 : 
𝑀"± < 590 GeV (Type II, 2HDM)
Eur.Phys.J.C 78 (2018) 8, 675

Contents

p Measurement of branching fractions of 𝐵 → 𝐾∗𝛾
BELLE2-CONF-PH-2021-014

p Observation of 𝐵 → 𝑋"𝛾
BELLE2-NOTE-PL-2021-004
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3.2 Constraints from flavour observables 19
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Figure 9: Excluded parameter regions (95% CL) in the tan� versus MH± plane from individual observables
for the four 2HDM scenarios considered: Type-I (top left), Type-II (top right), lepton specific (bottom left),
flipped (bottom right).

Results

Since most flavour observables are only sensitive to MH± and tan�, separate scans of these param-
eters are performed for each observable. The other 2HDM parameters are ignored in these scans,
with the exception of B(Bs/d ! µµ), where in addition MH , MA, and M

2

12
are allowed to float

freely within the bounds defined in the introduction of Section 3 as these two observables depend
at NLO level on these parameters. In all fits the CKM matrix elements and the other parameters
given in Table 3 are allowed to vary within their uncertainties.

Figure 9 shows for the four 2HDM scenarios the one-sided 95% CL excluded regions in the tan�
versusMH± plane as obtained from fits using the most sensitive individual flavour observables. The
CLs are derived assuming a Gaussian behaviour of the test statistic with one degree of freedom. The
Type-I (top left) and lepton specific (bottom left) scenarios are only weakly constrained allowing
to exclude tan� < 1. Stronger constraints are obtained for the Type-II (top right) and flipped
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𝑊
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-6131-3


p The cleanest exclusive mode in 𝑏 → 𝑠𝛾 modes.

p All final states are explicitly reconstructed,
l 𝐾∗ : 𝐾#𝜋", 𝐾%&𝜋&, 𝐾#𝜋&, 𝐾%&𝜋# (𝐾%& → 𝜋#𝜋", 𝜋& → 𝛾𝛾), 0.817 < 𝑀'∗ < 0.967 GeV (~3𝜎)

l 𝛾 : Cluster of the electromagnetic calorimeter (ECL), 2.25 < 𝐸()*"+,-./ < 2.85 GeV

Dominant background

p 𝑞,𝑞 (𝑞 = 𝑢, 𝑑, 𝑠, 𝑐) events with 𝛾 from 𝜋#, 𝜂 decay
l 𝜋#, 𝜂 veto using kinematic information of 

combination of hard-/soft-photon. 
l Suppressed with MVA using event-shape 

variables.

Measurement of branching fractions of 𝑩 → 𝑲∗𝜸
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𝑩 → 𝑲∗𝜸 : Fit to 𝚫𝑬 distributions
p Signal yield is obtained from unbinned

maximum likelihood (ML) fit to Δ𝐸
distribution : Δ𝐸 = 𝐸0)*"+,-./ − 𝑠/2
l Signal : Cruijff function + Gaussian.
l Self-cross-feed (SCF) : Cruijff function.
l Background (Bkg) has two components

• 𝑞0𝑞 : Chebyshev polynomial.
• Shifted peaking 𝐵 0𝐵 (e.g. 𝐵 → 𝐾𝜋𝜋𝛾) : 

Gaussian

p The measured values are consistent with 
the world average values within 1𝜎 (2𝜎) for 
neutral (charged) modes.

p Plan to upgrade for the measurement of CP-
and Isospin- asymmetry.
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Mode Br (fit) x10-5 Br (PDG) x10-5

𝐵! → 𝐾∗! 𝐾#𝜋$ 𝛾 4.5 ± 0.3(stat) ± 0.2(syst)
4.18 ± 0.25

𝐵! → 𝐾∗! 𝐾%!𝜋! 𝛾 4.4 ± 0.9(stat) ± 0.6(syst)
𝐵# → 𝐾∗# 𝐾#𝜋! 𝛾 5.0 ± 0.5(stat) ± 0.4(syst)

3.92 ± 0.22
𝐵# → 𝐾∗# 𝐾%!𝜋# 𝛾 5.4 ± 0.6(stat) ± 0.4(syst)

𝐵" → 𝐾∗" 𝐾#𝜋$ 𝛾 𝐵" → 𝐾∗" 𝐾%"𝜋" 𝛾

𝐵# → 𝐾∗# 𝐾#𝜋" 𝛾 𝐵# → 𝐾∗# 𝐾%"𝜋# 𝛾



1. PLOT FOR MORIOND8

FIG. 1. Photon energy spectrum of selected b ! (s, d)� candidates measured in the ⌥ (4S) rest
frame overlaid with expectations for continuum events and background BB̄ events. The data
points come from the dataset collected by the Belle II experiment in 2019 and 2020 with integrated
luminosity of 62.8 fb�1. The dataset with integrated luminosity of 9.2 fb�1 collected below the
⌥ (4S) resonance is used as a model for the continuum (e+e� ! qq̄, q = u, d, s, c) background:
the continuum spectrum are the o↵-resonance data scaled to match the on-resonance luminosity.
The shape of the BB̄ background component is obtained from simulation. The BB̄ contribution
is scaled so that sum of the expectations from BB̄ background, continuum, and signal components
in the first bin matches the number of observed events in this bin (the expected number of signal
events is taken from simulations). The bottom plot shows the di↵erence between the observed
number of candidates and the sum of expected number of background candidates for each bin.
Bottom plot indicates the evidence for an inclusive B ! X(s,d)� signal. The shown uncertainties
are statistical only.
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p Reconstruct only 𝛾 in the signal side B-meson.

p Untagged method : No explicit reconstruction of other 
side B-meson.
l Higher efficiency & lower purity than tagging method.

l Subtract expected background contributions.

p Photon energy spectrum is used to extract signal 
component after the background suppression. 
l Monochromatic spectrum is expected for signal.

l Continuum (𝑞0𝑞 ) is estimated from data of off-resonance.

l 𝐵 0𝐵 is estimated from simulation.

p Excess is clearly visible in the expected region.
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Electroweak Penguin Decays 𝒃 → 𝒔ℓ#ℓ$, 𝒃 → 𝒔𝝂-𝝂

p Lepton Flavor Universality (LFU) violation in 
𝑏 → 𝑠ℓ#ℓ" is drawing attention recently.
l Evidence of LFU violation on 𝐵$ → 𝐾$ℓ$ℓ%

from LHCb. arXiv:2103.11769

p Shed further light on the anomalies by independent 
measurements on 𝑏 → 𝑠ℓ#ℓ" and search for 𝑏 → 𝑠𝜈�̅�.
l 𝑏 → 𝑠𝜈�̅� provide complementary prove of NP that 

explain 𝑏 → 𝑠ℓ$ℓ% anomalies. arXiv:2103.16558

Contents

p Study of 𝐵# → 𝐾#ℓ#ℓ"

BELLE2-NOTE-PL-2021-014

p Search for 𝐵# → 𝐾#𝜈�̅� using an inclusive tagging
arXiv:2104.12624
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Figure 4: Comparison between RK measurements. In addition to the LHCb result, the mea-
surements by the BaBar [113] and Belle [114] collaborations, which combine B+

! K+`+`� and
B0

! K0
S`

+`� decays, are also shown.

is compatible with the SM prediction with a p-value of 0.10%. The significance of
this discrepancy is 3.1 standard deviations, giving evidence for the violation of lepton
universality in these decays.
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Study of 𝑩# → 𝑲#ℓ#ℓ$

p 𝐵* → 𝐾*ℓ*ℓ+ is reconstructed from both electron and muon modes.
l Electron can be reconstructed at similar level of muon at Belle II. 

p Background is suppressed with MVA using event shape, vertex information...

p 2D unbinned ML fit, (𝑀,-, Δ𝐸) :

𝑀,- = 𝑠/4 − 𝑝./0+12345
6

p Signal yield : 8.6+7.9*:.7 ± 0.4

Measurement of important observables is planed using more upcoming data!
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FIG. 1: Signal enhanced projection for a fit to the distributions of beam-energy-constrained mass
Mbc and energy di↵erence �E of B+ ! K+`+`� candidates, where ` is an electron or muon. The
Mbc projection is obtained in a window �0.06 < �E < 0.04 GeV whereas the �E projection is
obtained for Mbc > 5.27 GeV/c2. The fit model for Mbc contains the following three components:
a Crystall Ball function for the signal (red dot-dash line), another Crystall Ball function for the
peaking background from B+ ! K+⇡+⇡� decays (magenta filled area), and an ARGUS function
for the combinatorial background from qq continuum and other B decays (green dashed line).
Similarly, the fit model for �E contains the following three components: a double-sided Crystal
Ball summed with a Gaussian function for the signal (red dot-dash line), another double-sided
Crystal Ball summed with a Gaussian function for the peaking background from B+ ! K+⇡+⇡�

decays (magenta filled area), and an exponential function for the combinatorial background from
qq continuum and other B decays (green dashed line). Black markers with error bars are data.
The signal shape parameters obtained from correctly reconstructed simulated events are kept fixed
in the fit. The ARGUS endpoint is fixed to the kinematic threshold of 5.29GeV/c2 and the
second parameter is determined from the fit to data. We also determine the parameter of the
exponential from the fit to data. The number of peaking background events is fixed to the value
0.7, which is estimated from simulated events. The signal component has an overall significance of
2.7 standard deviations, with a yield of 8.6+4.3

� 3.9 ±0.4, where the quoted uncertainties are statistical
and systematic, respectively.
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Search for 𝑩# → 𝑲#𝝂-𝝂 with an inclusive tagging

p Two undetectable neutrinos in the final state.

p 𝑏 → 𝑠𝜈�̅� decays are not observed yet.
l SM : 𝐵𝑟 𝐵# → 𝐾#𝜈�̅� = 4.6 ± 0.5 ×10"? Prog.Part.Nucl.Phys. 92 (2017) 50-91

l Upper limit on 𝐵𝑟 𝐵# → 𝐾#𝜈�̅� : <1.6×10"@ (BaBar 429 fb-1, Phys.Rev.D 87 (2013) 11, 112005)
• Previous measurements are performed by reconstructing the other side B-meson.

p Inclusive tagging method : 
No explicit reconstruction of other side B-meson
l Higher efficiency & lower purity.
l Exploit distinct kinematics of signal event.
This method has not been used for this process!
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𝑩# → 𝑲#𝝂-𝝂 : Analysis procedure 

p Select highest 𝑝A track as signal Kaon, 𝐾±

p Train MVA (BDT) to suppress backgrounds using event 
shape, missing energy, Δ𝐸 of the other side B-meson…
l Two BDT-classifiers are trained, BDT1 and BDT2.
l Select events with BDT1>0.9 and then train BDT2.

p BDT performance is validated using data of control 
mode 𝐵# → 𝐾#𝐽/𝜓 → 𝜇#𝜇" .

p Signal strength is extracted by binned ML fit on the 2D
(𝑝A 𝐾# , BDT2) histogram.
l Continuum components are constrained using off-

resonance data.
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Control Region Signal Region

Search for B+ æ K+‹‹̄ decays Binary classification

Validation channel: B+
æ K +J/Â (æ ����µ+µ≠)

To check the data-simulation agreement, B+
æ K+J/Â (æ µ+µ≠)

decays are selected.
Muons are removed from the reconstruction to mimic the signal.
Kaon 3-momentum is sampled from simulated signal events.

Cyrille Praz B+ æ K+‹‹̄ at Belle II [2104.12624] 2021.05.26 14 / 20
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𝑩# → 𝑲#𝝂-𝝂 : Results with the inclusive tagging

p Result of branching fraction is
𝐵𝑟 𝐵# → 𝐾#𝜈�̅� = 1.9"B.C#B.C stat "&.D#&.E(syst) ×10"@

l Competitive with previous results taking into account the 
difference in the integrated luminosity.

p No significant signal is observed and an upper limit is set 
on the branching fraction.
𝐵𝑟 𝐵# → 𝐾#𝜈�̅� = 4.1×10"@ (90% CL)

p The capability of the inclusive tagging approach is 
demonstrated from the measurement.

l Study on additional channels (𝐵& → 𝐾∗&𝜈�̅�, 𝐵& → 𝐾%&𝜈�̅�) 
using more data is in preparation!
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CONTINUUM REWEIGHTING

As stated in the main text, mismodeling of continuum
simulation is corrected for following a data-driven pro-
cedure presented in Ref. [6]. A binary classifier, BDTc,
is trained to separate the o↵-resonance data and con-
tinuum simulation using the same set of input variables
and hyperparameters as BDT1 and BDT2. BDTc is
trained with events that satisfy BDT1 > 0.9 in the o↵-
resonance data and an independent 100 fb�1 sample of
simulated continuum events. If p 2 [0, 1] is the classifier
output for a given continuum event, the ratio p/(1 � p)
can be interpreted as an estimate of the likelihood ra-
tio L(data)/L(MC), where L(data) (L(MC)) is the like-
lihood of the continuum event being from data (simu-
lation). This event weight is applied to the simulated
continuum events after the final selection. Comparison
of simulated continuum events with o↵-resonance data
shows that the application of this weight improves the
modeling of the input variables.

SUPPLEMENTAL FIGURES

FIG. 1: CLs value as a function of the branching fraction of
B+ ! K+⌫⌫̄ for expected and observed signal yields and the
corresponding upper limits at 90% confidence level (CL). The
expected limit is derived for the background-only hypothe-
sis. The observed limit is derived from a simultaneous fit to
the on-resonance and o↵-resonance data, corresponding to an
integrated luminosity of 63 fb�1 and 9 fb�1, respectively.

FIG. 2: Signal e�ciency as a function of the dineutrino in-
variant mass squared q2 for events in the SR (BDT1 > 0.9
and BDT2 > 0.95). The error bars indicate the statistical
uncertainty.

Search for B+ æ K+‹‹̄ decays Signal-strength extraction

Result

µ = 4.2+3.4
≠3.2 = 4.2+2.9

≠2.8(stat)+1.8
≠1.6(syst).

BR(B+
æ K+‹‹̄) =

#
1.9+1.6

≠1.5
$

◊ 10≠5 =
#
1.9+1.3

≠1.3(stat)+0.8
≠0.7(syst)

$
◊ 10≠5.

Total uncertainty on µ: profile likelihood scan, fitting the model with
fixed values of µ while keeping the other fit parameters free.

Cyrille Praz B+ æ K+‹‹̄ at Belle II [2104.12624] 2021.05.26 18 / 20
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Summary and Outlook

p Belle II has recorded 213 fb-1 of data by 2021 summer.

p First results on radiative and electroweak penguin decays with (63+9) fb-1

demonstrate the high capabilities of the Belle II.
l Measurement of branching fractions of 𝐵 → 𝐾∗𝛾. BELLE2-CONF-PH-2021-014
l Observation of 𝐵 → 𝑋!𝛾. BELLE2-NOTE-PL-2021-004
l Study of 𝐵$ → 𝐾$ℓ$ℓ%. BELLE2-NOTE-PL-2021-014
l Search for 𝐵$ → 𝐾$𝜈�̅� with the inclusive tagging method. arXiv:2104.12624

p Interesting results are upcoming in near future using more data.
l >3 times more on tape!

l Aiming for ~400 fb-1 by 2022 summer (BaBar : 424 fb-1 at Υ 4𝑆 ) and 50 ab-1 over ~10 years.
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