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The analysis of b — s*¢~ flavor-changing neutral currents (FCNC) is a powerful test of the
Standard Model (SM). As these decay modes are highly suppressed in the SM, potential New
Physics (NP) contributions can have a significant impact on measured observables. In recent years,
experimental measurements of different observables in this sector displayed intriguing tensions
with SM theory predictions and sparked a collective effort to investigate their potential origin
from the experimental and theoretical sides. Measurements of branching fractions and angular
observables from B¥ — K*¢*¢~, B — K*0¢*¢~, B¥ — K**¢*¢~ and BY — ¢(1020)(* ¢~
decays conducted by the LHCb collaboration consistently indicate a shift of the Wilson Coefficient
(WC) Re(Cy) of approximately ARe(Cy) ~ —1. Tests of lepton flavor universality (LFU), on
the other hand, found branching fraction ratios of b — se*e™ and b — su*u~ decay modes to
be consistent with the LFU hypothesis. These proceedings present the latest results of angular
analyses of the decay modes B — K*%¢*e™ and By — ¢(1020)e*e™, as well as the analysis of
local and nonlocal amplitudes in the B — K*'u*pu~ decay mode using the Run 1 and Run 2
LHCb data samples.
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1. Introduction

Rare b— s¢*¢~ decays proceed via FCNC transitions, forbidden at tree-level in the SM. Due to
their strong loop and CKM suppression in the SM, the analysis of these decays is highly sensitive to
potential NP effects. These can contribute significantly to experimental observables like branching
fractions, angular observables, or decay rates. Previous LHCb analyses have shown intriguing
tensions with SM predictions, commonly referred to as the flavor anomalies. The measured
branching fractions of the decay modes B — K™ pu*u~, B — ¢u*u~ and Ag — Autu~
are found to be consistently below the SM expectation [1-4]. Angular analyses of b — sf*¢~
decays have access to a set of optimized angular observables which are less dependent on hadronic
form factors than branching fraction measurements [5]. The g>-binned angular analysis of B® —
K*9u* i~ using LHCb data from Run 1 and 2016, displays clear tensions with the SM prediction
in the observable P [6]. A global analysis of the full set of angular observables indicates a shift of
the WC ARe(Cy) ~ —1 with a global significance of 3.3 o. The recent update of this analysis by
the LHCb collaboration using the Run 1 and Run 2 data samples increased the global significance
of the tension to the level of 4.0 o [7]. Results of g2-binned angular analyses of other b— s{*¢£~
decay modes yield results consistent with these findings [8, 9]. However, the significance of these
global tensions depends on the theoretical parameterization of the non-local amplitudes in the
SM predictions, which remains a topic of discussion in the theory community. Model-dependent
¢*-unbinned analyses designed to parameterize and measure these non-local effects experimentally
were not able to trivially explain the tensions using this method [10, 11]. Another set of stringent
probes of the SM are the tests of LFU, which measure ratios of differential branching fraction of a
b— s¢*¢~ decay with two different lepton final states. Measurements of these so-called Rx ratios
have been found to be consistent with the SM prediction in b— s£*£~ modes by LHCb [12-14].

These proceedings focus on the recent results of binned angular analyses of the decay modes
B — K%%e™ [15] and BY — ¢e*e™ [16] using the full Run 1 and Run 2 LHCb data sample
(Lint = 9b~ 1), where the analysis of the electron modes provides the opportunity for a test of LFU
in angular observables. Additionally, a comprehensive analysis of local and non-local amplitudes
of the B — K*Ou*u~ decay over the full g2 range [17] is discussed that parametrizes and fits
the contributions of the non-local amplitudes to provide vital insight into the significance of these
contributions. This analysis also uses LHCb data from Run 1 and 2016-2018 (L, = 8.4 fb_l).

2. Binned angular analyses with electron final states

The reconstruction of decays involving electrons in the final state poses a significant challenge
at the LHCD experiment. Firstly, significantly tighter thresholds on electron candidates are imposed
in the hardware trigger stage due to the higher detector occupancy of the electromagnetic calorimeter
(ECAL) compared to the muon chambers. Furthermore, the reconstructed electrons are affected
by Bremsstrahlung losses caused by interactions with the detector material. An algorithm is
employed to partially recover Bremsstrahlung photons detected in the ECAL and reattach them to
their corresponding electron candidate [18]. Nevertheless, the resulting invariant mass distributions
display a degraded resolution compared to the muon modes. This leads to significantly increased
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physical background contributions within the signal region, which need to be modeled with great
care.

2.1 BY — gete

The angular analysis of B — ¢e*e™ decays is performed in three bins of the invariant di-
electron mass squared qz, corresponding to [0.1,1.1], [1.1,6.0], and [15.0,19.0] GeVZ/cA'. The
¢(1020) meson is reconstructed from a pair of opposite-charge kaons. To cleanly separate the
signal from physical background sources, a stringent requirement is placed on the invariant mass of
the kaon pair, which is required to have a mass with 12 MeV/c? of the known ¢(1020) mass. The
differential decay rate used to parameterize the data depends on three decay angles cos 6k, cos @,
and ¢, the decay time of the B? meson t, and ¢°. The observables are extracted integrated over the
BY decay time, and two separate fits are performed on folded angular distributions to reduce the
number of fit parameters. The two corresponding differential decay rates are given by

1 d’[T +T7] 973

1
— = —|=(1 = Fp)sin*0g (1 + = cos 26
N dd cosOxdcos 6y~ 1612 L~ Fr)sinOx (1 + 3 cos26,)

+ FLCOSZQK(l —2co0s26) + A6sin29K cosfy|,

and

5 _
%% = %[1 + S3c082¢ + Ag sin2¢].

The distributions of the decay angles and ¢ are distorted by the selection and decay reconstruction.
To account for this effect, an acceptance parameterization is extracted from LHCb simulation using
Legendre polynomials and directly incorporated into the fit PDF. The angular observables are
extracted using two unbinned maximum likelihood fits. Simultaneous fits to the m(K*K e*e™)
distribution are used to separate the signal from combinatorial background contributions. Physical
backgrounds from semi-leptonic decays and B — J/y¢ or BY — (25)¢ decays that leak into the
signal ¢2 region due to unrecovered Bremsstrahlung effects, are modeled from corrected simulations.
Backgrounds from misidentified decays are modeled using background-enriched data regions. The
results for the decay time integrated angular observables (F1), (Ag), (S3) and (Ag) are shown in
three bins of ¢ in Fig. 1. The measurements show good agreement with the SM predictions [19, 20]
in all ¢2 bins and angular observables. A comparison to the results of the binned angular analysis
of BY — ¢u*u~ [9] displays no significant deviations, which hints at LFU being respected in the
relevant angular observables. Future data-taking periods are expected to improve the precision
significantly and also allow access to the full set of angular observables in a single angular fit.

2.2 BY - Kete~

The g>-binned angular analysis of B — K*Ye*e™ decays aims to extract the full set of
angular observables Fi, S3-S5, Apg and S7-Sg as well as their corresponding optimized observables
in the P; basis. This analysis conducts a four-dimensional maximum likelihood fit in the g2
bin [1.1,6.0] GeV?%/c*. The K** meson is reconstructed from oppositely charged K and 7 pairs.
Candidates are required to fall inside a +100 MeV/c> m(K*n~) window around the known K*°
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Figure 1: Results of the decay time averaged angular observables (FL), (S3) and (Ag) obtained from the
fits to the data set of BY — ¢e*e™ candidates. The results are found to be in good agreement with the SM

and the LFU hypothesis.
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Figure 2: Results of all angular observables obtained from the fit to the data set of B® — K*%e* e~ candidates.
The results are found to be in broad agreement with the SM predictions and the LFU hypothesis.

mass. Similarly to the analysis of B — ¢e*e™ decays, the differential decay rate depends on the
three decay angles and ¢>. Again, the acceptance effect in the decay angles and ¢? is parameterized
from LHCb simulation using Legendre polynomials. Due to the larger m(K* 7 ~) selection window,
the contributions from physical background sources are significantly more pronounced. The angular
and mass distributions of semi-leptonic backgrounds, as well as misidentified decays, are modeled
using background-enriched data regions. Partially reconstructed decays are modeled from corrected
simulation, where a data-driven approach is chosen to model the complex kaon resonance structure.
The results for the optimized observables from the angular fit in the ¢ region from 1.1 t0 6.0 GeV?/c*
and two corresponding SM predictions [19, 20] are displayed in Fig. 2. These are the most precise
measurements of the angular observables of B — K*¢*e™ in the central ¢> region to date,
improving the sensitivity of the result published by the BELLE collaboration by roughly a factor of
two in P% [21]. The results are generally consistent with the SM, with the largest deviations from
the SM being found in Fr and Apg at the level of 2 0. To evaluate if LFU is respected, specialized
LFU observables Q; are constructed, which are defined as differences between the P; of the muon
and electron modes [22]. The results for the Q; are likewise displayed in Fig. 2. There is generally
good agreement with the LFU hypothesis. The largest discrepancy arises in O, at the level of 2 0.
Again, future data-taking periods of the LHCb experiment are expected to improve the precision of
these measurements significantly.

3. Analysis of local and non-local amplitudes of B — K*0u*u~

Recently, g>-binned angular analysis of B® — K*0u*u~ decays conducted by LHCb [6, 7] and
CMS [23] showed clear tensions with SM predictions. The ¢> unbinned amplitude analysis of this
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decay presented here extracts the WC of the decay directly using an approach that parametrizes the

g® shape of the data using an amplitude model over the full ¢ range. This allows the separate

parameterization of the non-local amplitudes to evaluate their impact on the angular observables

extracted by the binned analyses. While the previous g>-unbinned analysis conducted by LHCb

only considered a subrange of the g> spectrum, this analysis examines the full range, including the

charmonium resonances J/y and y(2S) in the di-muon spectrum. The K* meson is reconstructed

from oppositely charged K and 7 pairs. Candidates are required to fall inside a +100 MeV/c?

m(K*n~) window around the K** mass. Similar to the angular analyses described above, the
differential decay rate is parameterized using three decay angles cos 8k, cos ¢, and ¢ as well as g>.

cl“cf‘J(B0 —> K*'n utu) _
dg2dQ

9 S
ﬁZ J i(g?) fi(cos O, cos Ok, p)

The ¢>-dependent angular coefficients cfl-(qz) are expressed in terms of the WC and the local

hadronic form factors. The non-local matrix elements are absorbed into an effective ¢ and

helicity dependent Wilson coefficient C;H”1 = Co + Yy5.1(q%), where the function Y5 1(¢*) en-

codes different non-local contributions from vector resonances, open-charm meson pairs, and

b— sttt (— y* — utu") rescattering. The Wilson coefficients are extracted with an unbinned

maximum likelihood fit to LHCb data, and the results are displayed in Tab. 1.

] LHOb s, B Total
Total, SM WCs
SM from GRvDV

0o 2 4 6 8 10 12 14 16 18
¢* [GeV?/cY)

Figure 3: Distribution of the optimized observ-
able Pg calculated from the signal parameters
extracted from the likelihood fit.

Wilson Coefficient fit results

Re(Co) 3.56+0.28 +0.18
Re(Cio) ~4.02+0.18+0.16
Re(CY) 0.28 +0.41 +0.12
Re(C},) ~0.09 +0.21 + 0.06

Re(Cor) (—-1.2+£2.6+1.0) x 102

Table 1: Results of the Wilson Coeflicients ex-
tracted from the likelihood fit.

The WC Re(Cy) is found to be in tension with the SM expectation at the level of 2.1 o~. The reduced
significance of the tension with the SM compared to the g*-binned angular analysis is explained

by the larger number of fit parameters, leading to an increased statistical uncertainty. The absolute
WC shift ARe(Cy) ~ —0.7 preferred by the likelihood fit is compatible with the shifts observed
in the binned analyses due to the parameterization of the non-local amplitudes. The remaining

extracted Wilson coefficients are consistent with the SM expectation. Overall, the experimental

parameterization of the non-local amplitudes in this analysis is not able to explain the observed

tensions with the SM in this decay mode.

4. Conclusion

Rare b — sf*¢~ decays provide stringent tests of the SM. Deviations between measured

observables and SM predictions in this sector, the so-called flavor anomalies, persist. The results
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of ¢?-binned angular analysis with electrons in the final state presented here are consistent with
their counterparts with muons in the final state, implicating LFU also being respected in angular
observables. More data are required to improve the sensitivity of these measurements. Also,
the comprehensive analysis of the non-local amplitudes in B® — K*®u*u~ cannot explain the
tensions with the SM established by ¢-binned angular analysis of the same decay mode. Further
experimental and theoretical work is needed to clarify the origin of the tensions with the SM. The
current LHCb Run 3 data taking is expected to significantly improve the precision on the b— sf*¢~
observables as their uncertainties are still statistically dominated.
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