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Radiative and electroweak penguin mediated decays of 𝐵 mesons are a great probe for physics
beyond the Standard Model of particle physics. Furthermore, recently anomalies on exclusive 𝑏 →
𝑠ℓ + ℓ − processes, which may imply lepton flavor universality violation, have been observed. Belle
II experiment sheds light on the anomalies with the measurement of an inclusive analysis in this
mode. Thanks to smaller hadronic uncertainties compared with exclusive modes, complementary
information can be provided. Belle II is also a unique experiment to search for processes involving
neutrinos such as 𝐵 → 𝐾 (∗) 𝜈𝜈. We report the results and prospects of an inclusive 𝐵 → 𝑋𝑠 ℓ + ℓ −
analysis and a search for 𝐵 → 𝐾 (∗) 𝜈𝜈.
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1. Introduction

2. Measurements on the 𝑏 → 𝑠ℓ + ℓ − process
The measured anomalies in the exclusive 𝐵 → 𝐾 (∗) ℓ + ℓ − decays, mentioned in the previous
section, imply lepton flavor universality violation. Especially, the angular analysis of 𝐵 → 𝐾 ∗ ℓ + ℓ −
indicates smaller vector coupling constants in the muon modes, which is known as the Wilson
coefficient C9 . The difference between the SM expectation and the LHCb results is at the 3.3𝜎 level
[4].
The inclusive 𝐵 → 𝑋𝑠 ℓ + ℓ − decay provides complementary information to the exclusive ones.
The hadronic uncertainties of the inclusive decays are under better theoretical control with respect
to those of the exclusive processes. Belle and BaBar have already performed measurements on
𝐵 → 𝑋𝑠 ℓ + ℓ − [7] [8] [9] [10] [11]. So far, all measurements are highly statistically limited due
to the small cross section and limited data sample. Belle II is a unique experiment to achieve the
measurements on 𝐵 → 𝑋𝑠 ℓ + ℓ − with large statistics.
The 𝐵 → 𝑋𝑠 ℓ + ℓ − decays are reconstructed with a sum-of-exclusive approach. The hadronic
system 𝑋𝑠 is reconstructed from 𝐾𝑛𝜋(0 ≤ 𝑛 ≤ 4) and 3𝐾 final states allowing at most one 𝜋 0 and
one 𝐾𝑆0 . The 𝑋𝑠 mass is required to be less than 2.0 GeV/𝑐2 to suppress contamination from wrongly
reconstructed 𝑋𝑠 candidates. Higher mass regions will be explored by using a larger dataset. One of
the dominant background sources is 𝐵 → 𝑋𝑠 𝐽/𝜓 , 𝑋𝑠 𝜓(2𝑆) followed by 𝐽/𝜓 (𝜓(2𝑆)) → ℓ + ℓ − . These
events are vetoed by applying cuts on the di-lepton invariant mass distribution. Other dominant
backgrounds are 𝐵𝐵 events with double semi-leptonic decay and 𝑐𝑐 continuum events. They are
suppressed by event shape variables, missing energy information, and vertex quality of 𝐵 meson.
Another important background is 𝐵 → 𝐾𝑚𝜋(𝑚 ≥ 2) with particle mis-identification
of 𝜋 + 𝜋 − as
q

ℓ + ℓ − . Figure 1 shows the beam-constrained mass (𝑀bc ) distribution, 𝑀bc =
2

∗
(𝐸 beam
) 2 − ( 𝑝 ∗𝐵 ) 2 ,
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In the Standard Model (SM) of particle physics, the flavor-changing neutral currents (FCNC)
𝑏 → 𝑠 and 𝑏 → 𝑑 proceed, mainly, via loop diagrams and thus are suppressed. Since new heavy
particles might be able to enter the loops, the branching fractions and angular observables for such
processes are a great probe for physics beyond the SM. Radiative and electroweak penguin 𝐵 meson
decays are theoretically and experimentally clean FCNC processes compared with fully hadronic
decays, because the final states include color singlet particle or particles, 𝛾, ℓ + ℓ − , 𝜈𝜈. Furthermore,
the anomalies in exclusive 𝐵 → 𝐾 (∗) ℓ + ℓ − decays have been observed by the LHCb experiment
[1] [2] [3] [4] and more than 2𝜎 deviations in a similar direction were also reported by the Belle
experiment [5] and the ATLAS experiment [6]. Further studies on this field are therefore highly
motivated.
The Belle II experiment contributes to this field by providing independent measurements
to shed further light on the anomalies. The inclusive 𝐵 → 𝑋𝑠 ℓ + ℓ − measurements at Belle II
give complementary information with independent hadronic uncertainties. Moreover Belle II is a
unique experiment to be able to search for decays involving neutrinos, such as 𝐵 → 𝐾 (∗) 𝜈𝜈. These
processes are supposed to be discovered at early stage of data taking at Belle II.
In the following, we report the status and prospects of the radiative and electroweak penguin 𝐵
meson decays at the Belle II experiment.
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∗
where 𝐸 beam
is the beam-energy in the centre-of-mass (CM) system of 𝑒 + 𝑒 − and 𝑝 ∗𝐵 is the CM
momentum of reconstructed 𝐵 meson. The signal peak on the 𝑀bc distribution is expected to be
significant over backgrounds thanks to the efficient background suppression [12]. The backgrounds
which are able to make a peak on the 𝑀bc distribution are estimated with a data-driven method.
The Belle II analysis on 𝐵 → 𝑋𝑠 ℓ + ℓ − is being finalized and first results will be shown in the near
future.
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Figure 1: The beam-constrained mass (𝑀bc ) distribution of 𝐵 → 𝑋𝑠 ℓ + ℓ − decay candidates with MC samples.
The red histogram contains the signal process, the blue contains backgrounds from 𝑒 + 𝑒 − → 𝐵𝐵 process and
the green contains backgrounds from 𝑒 + 𝑒 − → 𝑞𝑞 processes.

The sensitivity on the branching fraction and the forward-backward asymmetry with an integrated luminosity of 50 ab−1 is estimated to be on a few percent level [13]. The constraint on the
Wilson coefficients C9 and C10 from these measurements will exclude the SM with 5𝜎 if the true
values of them are at the current best fit [14].
Also a fully-inclusive reconstruction method of the 𝐵 → 𝑋𝑠 ℓ + ℓ − decay is currently being
explored with dedicated simulation studies. The Full Event Interpretation (FEI) algorithm [15]
contributes to improve the tagging efficiency on the other side 𝐵 meson.

3. Search for the 𝑏 → 𝑠𝜈𝜈 process
The 𝑏 → 𝑠𝜈𝜈 processes are cleaner than their 𝑏 → 𝑠ℓ + ℓ − counterparts because there are no
photon mediated contribution on the leptonic part of the decay. In the SM, only the left-handed
effective operator is relevant for the processes since 𝑊 bosons couple only to left handed fermions.
New physics might be able to change the Wilson coefficient of the left-handed operator C𝐿 and/or
induce the right-handed contribution and thus make non-zero C𝑅 .
3
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4. Summary
Radiative and electroweak penguin 𝐵 meson decays are sensitive to physics beyond the SM. The
recent anomalies highly motivate further studies on these channels. Belle II is a unique experiment
to perform the measurements on the inclusive processes and to search modes involving neutrinos.
The 𝐵 → 𝑋𝑠 ℓ + ℓ − process is analyzed by reconstructing 𝑋𝑠 with the sum-of-exclusive method.
Detailed MC simulation studies reveal the ability to suppress large amount of backgrounds and to
make the signal peak on 𝑀bc distribution significant. The expected sensitivity on the branching
fraction and the forward-backward asymmetry measurements will exclude the SM with 5𝜎 if the
true values of C9 and C10 are at current best-fit.
The 𝐵 → 𝐾 (∗) 𝜈𝜈 process has not been observed yet. Assuming the branching fractions are at
the SM expectation, Belle II can observe these processes even at an early stage. Combining semileptonic and hadronic tag methods, precise measurements on the branching fraction at the 10% level
and the longitudinal polarization 𝐹𝐿 (𝐾 ∗ ) at the 20% level will be possible with the expected full
luminosity of Belle II. Measurements may exclude a large portion of the allowed parameter space
of C𝐿 and C𝑅 . Searches for 𝐵+ → 𝐾 + 𝜈𝜈 with an inclusive method are underway.

Acknowledgement
Y.S. is supported by JSPS KAKENHI Grant Number JP19J10179 and Graduate Program on
Physics for the Universe (GP-PU), Tohoku University.

References
[1] R. Aaij et al., LHCb, Angular analysis of the 𝐵0 → 𝐾 ∗0 𝜇+ 𝜇− decay using 3 fb−1 of
integrated luminosity, JHEP 02 (2016) 104, arXiv:1512.04442 [hep-ex].
4

PoS(ICHEP2020)418

The reconstruction of 𝑏 → 𝑠𝜈𝜈 is experimentally extremely challenging due to neutrinos in
the final state, which can not be detected. So far the process has never been observed. An upper
limit on the branching fraction of 𝐵 → 𝐾 (∗) 𝜈𝜈 was set by Belle and BaBar at the order of 10−5 [16]
[17], while the SM expectation is of the order of 10−6 [18].
Belle II can observe the 𝐵 → 𝐾 (∗) 𝜈𝜈 at early stage with only a few ab−1 of data, expecting the
SM branching fractions. Belle II uses a hadronic and semi-leptonic tag with the FEI algorithm [15]
to reconstruct the other side 𝐵 meson.
According to simulation studies, a 10% level sensitivity on the branching fraction, with an
integrated luminosity of 50 ab−1 , is expected. For the 𝐵 → 𝐾 ∗ 𝜈𝜈 process, an angular analysis can
be done to obtain the longitudinal polarization 𝐹𝐿 (𝐾 ∗ ). The precision on the 𝐹𝐿 measurement is
expected to be 20%. Measurements of 𝐵 → 𝐾𝜈𝜈 and 𝐵 → 𝐾 ∗ 𝜈𝜈 can be combined to set constraints
on the Wilson coefficient of C𝐿 and C𝑅 . A large portion of the currently allowed region will be
excluded.
First results on 𝐵+ → 𝐾 + 𝜈𝜈 using the current Belle II data are expected to be published soon.
Despite of less statistics compared with Belle and BaBar, a new analysis method with inclusive
tagging may yield in a competitive result.

Results and Prospects of Radiative and Electroweak Penguin Decays at Belle II

Yo Sato

[2] R. Aaij et al., LHCb, Test of lepton universality with 𝐵0 → 𝐾 ∗0 ℓ + ℓ − decays, JHEP 08 (2017)
055, arXiv:1705.05802 [hep-ex].
[3] R. Aaij et al., LHCb, Search for lepton-universality violation in 𝐵+ → 𝐾 + ℓ + ℓ − decays, Phys.
Rev. Lett. 122 (2019) no. 19, 191801, arXiv:1903.09252 [hep-ex].
[4] R. Aaij et al., LHCb, Measurement of 𝐶𝑃-Averaged Observables in the 𝐵0 → 𝐾 ∗0 𝜇+ 𝜇−
Decay, Phys. Rev. Lett. 125 (2020) no. 1, 011802, arXiv:2003.04831 [hep-ex].

[6] M. Aaboud et al., ATLAS, Angular analysis of 𝐵0𝑑 → 𝐾 ∗ 𝜇+ 𝜇− decays in 𝑝 𝑝 collisions at
√
𝑠 = 8 TeV with the ATLAS detector, JHEP 10 (2018) 047, arXiv:1805.04000 [hep-ex].
[7] J. Kaneko et al., Belle, Measurement of the electroweak penguin process B —> X(s) l+ l-,
Phys. Rev. Lett. 90 (2003) 021801, arXiv:hep-ex/0208029.
[8] M. Iwasaki et al., Belle, Improved measurement of the electroweak penguin process
𝐵 → 𝑋𝑠 𝑙 + 𝑙 − , Phys. Rev. D 72 (2005) 092005, arXiv:hep-ex/0503044.
[9] Y. Sato et al., Belle, Measurement of the lepton forward-backward asymmetry in
𝐵 → 𝑋𝑠 ℓ + ℓ − decays with a sum of exclusive modes, Phys. Rev. D 93 (2016) no. 3, 032008,
arXiv:1402.7134 [hep-ex]. [Addendum: Phys.Rev.D 93, 059901 (2016)].
[10] B. Aubert et al., BaBar, Measurement of the 𝐵 → 𝑋𝑠 ℓ + ℓ − branching fraction with a sum over
exclusive modes, Phys. Rev. Lett. 93 (2004) 081802, arXiv:hep-ex/0404006.
[11] J. Lees et al., BaBar, Measurement of the 𝐵 → 𝑋𝑠 𝑙 + 𝑙 − branching fraction and search for
direct CP violation from a sum of exclusive final states, Phys. Rev. Lett. 112 (2014) 211802,
arXiv:1312.5364 [hep-ex].
[12] The Belle II Collaboration, Approved plots of 𝐵 → 𝑋𝑠 ℓ + ℓ − study with MC simulation,
BELLE2-NOTE-PL-2020-007 . http://docs.belle2.org/record/2005.
[13] W. Altmannshofer et al., Belle-II, The Belle II Physics Book, PTEP 2019 (2019) no. 12,
123C01, arXiv:1808.10567 [hep-ex]. [Erratum: PTEP 2020, 029201 (2020)].
[14] T. Huber, T. Hurth, J. Jenkins, E. Lunghi, Q. Qin, and K. K. Vos, Phenomenology of inclusive
𝐵 → 𝑋𝑠 ℓ + ℓ − for the Belle II era, JHEP 10 (2020) 088, arXiv:2007.04191 [hep-ph].
[15] T. Keck et al., The Full Event Interpretation: An Exclusive Tagging Algorithm for the Belle II
Experiment, Comput. Softw. Big Sci. 3 (2019) no. 1, 6, arXiv:1807.08680 [hep-ex].
[16] J. Grygier et al., Belle, Search for 𝐵 → ℎ𝜈 𝜈¯ decays with semileptonic tagging at Belle, Phys.
Rev. D 96 (2017) no. 9, 091101, arXiv:1702.03224 [hep-ex]. [Addendum: Phys.Rev.D
97, 099902 (2018)].
5

PoS(ICHEP2020)418

[5] S. Wehle et al., Belle, Lepton-Flavor-Dependent Angular Analysis of 𝐵 → 𝐾 ∗ ℓ + ℓ − , Phys.
Rev. Lett. 118 (2017) no. 11, 111801, arXiv:1612.05014 [hep-ex].

Results and Prospects of Radiative and Electroweak Penguin Decays at Belle II

Yo Sato

[17] J. Lees et al., BaBar, Search for 𝐵 → 𝐾 (∗) 𝜈𝜈 and invisible quarkonium decays, Phys. Rev. D
87 (2013) no. 11, 112005, arXiv:1303.7465 [hep-ex].
[18] A. J. Buras, J. Girrbach-Noe, C. Niehoff, and D. M. Straub, 𝐵 → 𝐾 (∗) 𝜈𝜈 decays in the
Standard Model and beyond, JHEP 02 (2015) 184, arXiv:1409.4557 [hep-ph].

PoS(ICHEP2020)418

6

