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1. Introduction

Amongst the B-meson decays studied to search for new physics, the flavour-changing neutral

current b — s quark transitions are of particular interest, since they are forbidden at tree level in the
Standard Model and only occur through loop amplitudes. Several models expect modifications of
the branching fractions for these processes, coming from new physics contributions. Any deviation
from the branching fraction values predicted by theory would thus be a clear sign of these new
physics controbutions.
The Belle II experiment[1] consists in the Belle II detector located at the SuperKEKB [2] collider
in Tsukuba, Japan. SuperKEKB produces asymmetric e*e™ collisions at the Y (4S) resonance and
holds the world record for the highest instantaneous luminosity (4.7 x 103 cm=2s~!). Since the
beginning of the data collection in early 2019, Belle II has recorded a dataset corresponding to an
integrated luminosity of 362 fb~! at the Y (4S) energy, and is set to record 50 ab™! by the end of its
lifetime. The studies presented here are all based on a dataset corresponding to 189 fb~!, collected
between 2019 and 2021.

2. Experimental results

2.1 Measurement of B — K*¢*t{~

This section reports the measurement of the branching fractions of the rare decays B — K*(892)¢*(~,

with £ = e, u. These decays exhibit small branching fraction values, at the order of 1079, making
their observation challenging. Charged final state particle candidates (pions, kaons and leptons) are
reconstructed from Belle II detector information. In addition, neutral pion candidates are recon-
structed from pairs of photons and Kg are reconstructed from pairs of opposite charge pions. The K*
candidates are reconstructed in the K**(892) — Kg nt, K**(892) — K*n¥and K*°(892) — K*7~
channels. B-meson candidates are then reconstructed in the B — K*(892)¢*{~ channels.
In order to limit background contamination, the di-lepton mass ranges corresponding to vy, J /iy and
W (28) are vetoed. Additionaly, a boosted decision tree is used to suppress remaining backgrounds.
The signal yields are then extracted from a simultaneous fit to the beam-energy constrained mass
My, and the energy difference AE defined as:

AE = Ej -

2
VE) - py )

_ Vs
Mbc = (_ PB B 7’
with +/s the collision energy in the center of mass system (CMS), and E}, and p}, are respectively
the energy and momentum of the B-meson candidate in the CMS. The results of the fit can be seen
in Figure 1.
From this, the values of the branching fractions are computed, giving:

B(B — K*(892)u*u™) = 1.19 = 0.31 (stat) ") (syst)

. ()
B(B — K*(892)e*e™) = 1.42 + 0.48 (stat) + 0.09 (syst) ,

which show good agreement with the world average[5]. In addition, comparing the two values
shows that Belle II reaches similar perfornances for the electron and muon modes.
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Figure 1: Beam-energy constrained mass for the B* — K*(892)e*e™ (a) and Bt — K*0(892)u*u~ (b)
candidates for data (black dots) and the fit prediction (blue curve). The two components of the fit are shown:
signal modeled with a Gaussian (red curve) and background modeled with an ARGUS shape [3] (dashed
black curve). Taken from [4]

2.2 Lepton-flavour universality in B — J/y ({*¢7)K

This section reports the measurement of the Rk (J /i) ratio, defined as:

B(B — J/y(u ' )K)
B(B— J/y(ete )K) '

Rx(J/y) = 3

Even though the B — J/y/(£*¢7)K decays occur through a favoured b — c¢ transition, they are
discussed here as control channels for the measurement of the ratio Rg:

_B(B—- Ku'u)
"~ B(B > Kete™) '

Rk “4)
Here, the measurement of Ry (J/y) is performed in the B* — J/yK* and B® — J/ zﬁKg channels.
J /v and Kg candidates are reconstructed from their decay products (pairs of opposite sign leptons
and pions, respectively), with requirements on their invariant mass in order to suppress background
contributions. B-meson candidates are then reconstructed from a J/y and kaon candidate.

The signal yields are then extracted from a simultaneous fit to M. and AE as can be seen in

Figure 2 for the B* — J/¢(u*u~)K* mode. From this, the Rx (J /i) values are computed:
Ri+(J/y) =1.009 + 0.022 + 0.008 5)
Ryo(J /) =1.042 £ 0.042 + 0.008

The measured ratios are in agreement with unity (expected in the Standard Model) and their
associated uncertainties are largely dominated by the statistical components. In addition, the
systematic uncertainty associated to the ratios is better than the ones published by Belle[7].

2.3 Fully inclusive measurement of B — X,y

The measurement of the branching fraction of the inclusive B — Xy decays is reported
here. In order to suppress most background, events are reconstructed as e*e™ — BgigBqg, With
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Figure 2: Beam-energy constrained mass (a) and energy difference (b) for the B¥ — K*u*u~ candidates for
data (black dots) and the fit prediction (blue curve). The components of the fit are shown: signal (red curve),
background from B* — J/y (u*u~)n* (filled blue histogram) and the remaining background (dashed green
curve). Taken from [6].

Ef threshold [GeV] B(B — X,y) [1074] Experiment

1.8 3.54+£0.78 £0.83 Belle 11 [9]
2.0 3.06 £0.56 + 0.47 Belle 11 [9]
1.6 3.49+0.19 World average [5]

Table 1: Branching fraction values of the inclusive B — X,y decay measured in Belle II for two threshold
of the photon energy Ef . The first (second) quoted uncertainty corresponds to the statistical (systematic
component). The world average for another Ef threshold is also given.

Bsis — Xy, and B;,g the partner B-meson. This method is called hadronic B-tagging. This
measurement is performed by using the FET algrithm[8] developped by the Belle II collaboration,
which uses tracks and calorimeter energy deposits to reconstruct the most probable B;,, decay in
a list of ~ 30 fully hadronic decay modes.

After reconstructing the B;,q, the most energetic remaining photon is identified as the signal
photon. Background contributions from 7% — yy and 7 — yy are suppressed with a multivariate
classifier using information from calorimeter energy deposits. In addition, background coming
from ete™ — gg (with g is a u, d, ¢ or s quark) is suppressed with an additional classifier trained
with kinematic features of the event.

A fit to My, is then performed in bins of EB, the photon energy in the signal B-meson frame ,
as shown in Figure 3(a), providing yields corresponding to B — X;v, as well as other B-meson
decays, which are estimated using simulations as shown in Figure 3(b).

Table 1 shows the branching fraction values measured for different Ef thresholds. The results are
in agreement with the world average and competitive with the previous measurement performed
by BaBar[10] using a similar technique and sample size. Here, the systematic component of the
uncertainties is mainly due to background mis-modelling.



b — s Penguin results from Belle 11 Lucas Martel

— 2000 Belle Il_preliminary [e=189 b7 150 X107 Belle Il _preliminary [e=189 b
g t  Yields from data fit 1 Data
- L - _
9] 1750 BB backgrounds _ 125 L2 Hybrid B - X5y model
< 1500 f Total simulation uncertainty g Lool | Hybrid model uncertainty
Q> [a] '
W 1250 | T os I
= < 75k
o I [ )
1000 - @ > ] 1= b}
3 W os0f N e i
T 750} Signal region 6 i
o] o 0.25 f==== 1
> so0f SR clR i
e T|T 0.00
Q 250F i ol
£ —_—, -025}
i 0 . L [ L S . . . .
1.4 1.6 1.8 2.0 22 2.4 2.6 2.8 1.8 2.0 22 2.4 2.6
EZ reconstructed [GeV] EZ [GeV]
(@) (b)

Figure 3: Fitted yields of BB events (a) and partial width of the inclusive B — X,y decay (b) in intervals
of Ef . In (a) the yields from the fit to data are shown with black dots, while the filled green histogram
corresponds to the contribution from BB background. The filled grey histogram shows the uncertainty
associated to the simulation. The excess seen in data with respects to the BB background corresponds to
the B — Xy contribution. In (b) the black dots correspond to branching fraction values measured in data
with the inner (outer) error bars showing the statistical (total) uncertainty associated to them. The dashed
red histogram shows the prediction of the signal model while the filled grey histogram corresponds to its
associated uncertainty. Taken from [9].

3. Summary

Several Belle II results on b — s penguin (and b — c¢) transitions have been presented here.
The Belle IT measurement of the branching fractions for the decays B — K*(892){*{~, which is the
first step towards the measurement of the Rk ratios, show an agreement with the world averages. The
measurement of the branching fractions for the B — J/y(£*¢7)K decays as well as the Rg (J /)
value are also reported, showing an agreement with world averages and theory predictions while
displaying the experiment’s ability to perform good and similar identification of electrons and
muons. Finally, the first measurement of the inclusive » — sy transition using hadornic B-tagging
by the Belle II experiment is also reported, providing a measurement competitive with only previous
hadronic B-tagging analysis by BaBar.
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