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Abstract

An angular analysis of the B0
s → ϕe+e− decay is performed using the proton-

proton collision dataset collected between 2011 and 2018 by the LHCb experiment,
corresponding to an integrated luminosity of 9 fb−1 at centre-of-mass energies of 7,
8 and 13TeV. The analysis is performed in the very low dielectron invariant mass-
squared region between 0.0009 and 0.2615GeV2/c4. The longitudinal polarisation
fraction of the ϕ meson is measured to be less than 11.5% at 90% confidence level.
The AReCP

T observable, which is related to the lepton forward-backward asymmetry,
is measured to be 0.116± 0.155± 0.006, where the first uncertainty is statistical and

the second systematic. The transverse asymmetries, A
(2)
T and AImCP

T , which are
sensitive to the virtual photon polarisation, are found to be −0.045± 0.235± 0.014
and 0.002± 0.247± 0.016, respectively. The results are consistent with Standard
Model predictions.
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1 Introduction

In the Standard Model of particle physics (SM), processes involving b→ sγ transitions
are suppressed as they occur through flavour-changing neutral currents, mediated by
loop processes involving electroweak penguin diagrams. The study of these processes
provides insight into physics beyond the SM (BSM) due to potential deviations that
may appear [1–6]. In the SM, the electroweak charged current has chiral interactions,
coupling only to left-handed quarks. As a result, in b→ sγ transitions, the photons are
predominantly left-handed, with a small right-handed contribution that has a relative
amplitude proportional to the ratio of the s- to b-quark masses. The presence of a
significant right-handed polarisation would indicate a clear evidence of BSM physics.

The BaBar [7–9], Belle [10–13], Belle II [14] and LHCb [15, 16] collaborations have
tested the photon polarisation in b→ sγ transitions through measurements of the inclusive
B → Xsγ branching fraction, CP asymmetries in radiative B0 and B0

s decays, and by
conducting an angular analysis of radiative Λ0

b decays. The strongest constraint to date
comes from an angular analysis of B0→ K∗0e+e− decays1 by the LHCb experiment [17],
isolating the dominant b→ sγ contribution by restricting the dilepton invariant mass-
squared, q2, to small values. The b→ se+e− transition is particularly sensitive to the
photon pole due to the smallness of the electron mass.

This paper presents the first angular analysis of the B0
s → ϕe+e− decay2 in the very

low q2 region located between 0.0009 and 0.2615 GeV2/c4, chosen to be identical to the
kinematical region of Ref. [17]. The ϕ meson is reconstructed via its ϕ→ K+K− decay.
This analysis uses the data collected by the LHCb experiment between 2011 and 2018.
The B0

s → ϕe+e− channel is experimentally cleaner than B0 → K∗0e+e− as partially
reconstructed background contributions from higher hadronic resonances are suppressed
to a negligible level. In addition, the narrow width of the ϕ meson reduces sources of
experimental backgrounds. Despite the lower production rate of B0

s mesons compared
to B0 mesons and the smaller branching fraction of the hadronic resonance for the B0

s

channel, the analysis of the B0
s → ϕe+e− decay in the very low q2 region provides valuable

and complementary insights.
The B0

s → ϕe+e− decay is described across the entire q2 spectrum by the left (right)-

handed Wilson coefficients C
(′)
7 , C

(′)
9 , and C

(′)
10 [18, 19]. These coefficients carry crucial

information regarding short-distance effects and exhibit sensitivity to BSM physics. The
very low q2 region, given the association of this decay with both left- and right-handed
electromagnetic operators O7 and O

′
7, is fundamental for the determination of the C7 and

C
′
7 Wilson coefficients, respectively.

The B0
s → ϕe+e− differential decay rate can be written as a function of q2 and three

angular variables referred to as cos θL, cos θK and φ. The angle θL (θK) is defined between
the direction of the e− (K−) and the direction opposite that of the B0

s flight direction in
the e+e−(K+K−) rest frame, while the angle φ is defined between the plane containing
the two leptons and that containing the two final-state kaons in the B0

s rest frame. As
the flavour of the B0

s meson at decay cannot be determined from the flavour-symmetric
final state, the same angular definition is used for both B0

s and B0
s decays, later referred

to as “untagged”. As in Ref. [20], the angle φ is transformed such that φ̃ = φ + π if

1Throughout this paper, K∗0 is used to refer to the K∗0(892) resonance and the inclusion of charge-
conjugate processes is implied unless otherwise stated.

2The shorthand ϕ refers to the ϕ(1020) meson throughout this paper.
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φ < 0. This transformation leads to a cancellation of the terms containing sinφ and cosφ,
consequently simplifying the angular expression without any loss of sensitivity to the
remaining physical observables. Ignoring any K+K− S-wave contribution which should be
negligible at low-q2 values due to the photon-pole dominance, and in the limit of massless
leptons, the normalised, untagged, time-integrated, CP -averaged angular differential decay
rate is [21]

1

d(Γ + Γ̄)/dq2
d3(Γ + Γ̄)

dcos θL dcos θK dφ̃
=

9

32π

{
3

4
(1 − FL) sin2 θK + FL cos2 θK

+

[
1

4
(1 − FL) sin2 θK − FL cos2 θK

]
cos 2θL

+
1

2
(1 − FL)A

(2) sin2

T θK sin2 θL cos 2φ̃

+ (1 − FL)A
ReCP sin2

T θK cos θL

+
1

2
(1 − FL)A

ImCP sin2

T θK sin2 θL sin 2φ̃

}
.

(1)

The four angular observables FL, A
(2),
T AImCP

T and AReCP
T are combinations of the

amplitudes AL,R
0,⊥,∥ where the indices 0,⊥, ∥ refer to the different polarisation states of the

ϕ meson in the decay, and L and R to the left- and right-hand chirality of the dielectron
system. The observable FL is the longitudinal polarisation fraction of the ϕ meson, while
AReCP

T is related to the lepton forward-backward asymmetry. The parameters A
(2)
T and

AImCP
T are pivotal for this analysis as they are related to the photon polarisation and thus

to the Wilson coefficients C
(′)
7 in the very low q2 region. Indeed, following Ref. [21] and

in the absence of decay-time acceptance, in the q2 → 0 limit, these observables can be
expressed as

lim
q2→0

A
(2)
T (q2) =

2

[
Re[C7]Re[C

′
7] + Im[C7]Im[C

′
7] + y

2
[(Re[C7])

2 − (Im[C7])
2]

]
(Re[C7])2 + (Im[C7])2

, (2)

lim
q2→0

AImCP
T (q2) =

2

[
Re[C7]Im[C

′
7] − Im[C7]Re[C

′
7] − yRe[C7]Im[C7]

]
(Re[C7])2 + (Im[C7])2

, (3)

with y = ∆Γs

2Γs
, where ∆Γs is the difference in decay widths between the heavy and

light B0
s mass eigenstates and Γs the inverse of the average lifetime of the B0

s meson.
The FL and AReCP

T parameters vanish at low values of q2 as expected from real photon
interactions.

In the SM, where C7 is purely real, the measurement of AImCP
T is identical to that

obtained in the similar measurement using B0→ K∗0e+e− decays [17], while in the case

of A
(2)
T the information is slightly different due to the significant variation in decay widths

between the light and the heavy mass eigenstates in the B0
s system. In the future, with

larger data samples, the comparison of the A
(2)
T measurements obtained from B0

s → ϕe+e−

and B0→ K∗0e+e− decays could provide additional constraints on C7.
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2 The LHCb detector and dataset

The study reported here is based on proton–proton (pp) collision data collected with the
LHCb detector in the years 2011, 2012 and 2015–2018, at centre-of-mass energies of 7, 8 and
13 TeV, respectively. The total data set corresponds to an integrated luminosity of 9 fb−1.
The LHCb detector is a single-arm forward spectrometer covering the pseudorapidity
range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector
comprises a high-precision tracking system, including a silicon-strip vertex detector
surrounding the pp interaction region, a large-area silicon-strip detector located upstream
of a dipole magnet with a bending power of about 4 T m, and three stations of silicon-
strip detectors and straw drift tubes placed downstream of the magnet. This tracking
system provides a measurement of the momentum, p, of charged particles with a relative
uncertainty ranging from 0.5% at low momentum to 1.0% at 200 GeV/c. The minimum
distance of a track to a primary pp collision vertex (PV), known as the impact parameter
(IP), is measured with a resolution of (15 + 29/pT)µm, where pT is the component of
the momentum transverse to the beam in GeV/c. Different types of charged hadrons are
distinguished using information from two ring-imaging Cherenkov detectors (RICH) [22].
Photons, electrons and hadrons are identified by a calorimeter system consisting of
scintillating-pad and preshower detectors, an electromagnetic calorimeter (ECAL) and a
hadronic calorimeter, along with additional information from the RICH.

An online event selection [23,24] is performed by a trigger system that consists of a
hardware stage, based on information from the calorimeter and muon systems, followed by
a software stage, which applies a full event reconstruction. The hardware electron trigger
requires the presence of an ECAL cluster with minimum transverse energy between 2.5 and
3.0 GeV, depending on the data-taking period. Signal B0

s → ϕe+e− candidates are retained
if at least one of the electrons fulfills the hardware electron trigger criteria or if the trigger
requirements are satisfied by objects in the rest of the event that are independent of the
signal B0

s candidate decay products. Events meeting the hardware trigger requirements
are processed by the software trigger, where a two-, three- or four-track vertex with a
significant displacement from any PV is required. At least one charged particle must have
a significant transverse momentum and be inconsistent with originating from any PV. A
multivariate algorithm is used to identify displaced vertices consistent with the decay of a
b hadron [25].

Simulated samples are used to assess the effect of reconstruction and selection on the
angular distributions of the signal candidates, as well as to estimate expected signal yields
and contamination from specific background processes. The pp collisions are simulated
using Pythia [26] with a specific LHCb configuration [27]. Decays of unstable particles are
described by EvtGen [28], incorporating final-state radiation generated using Photos [29].
The interaction of the generated particles with the detector, along with its response, is
implemented using the Geant4 toolkit [30, 31]. Residual mismodelling of the particle
identification performance, the pT spectrum of the B0

s mesons, the track multiplicity, and
the efficiency of the hardware trigger are corrected using high-yield control samples from
data, following the approach developed by the LHCb collaboration for tests of lepton
universality [32].
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3 Selection of signal candidates

3.1 Reconstruction

The ϕ candidates are assembled by combining charged tracks identified as K+ and K−

mesons, ensuring the invariant mass of the K+K− system lies within ±12 MeV/c2 of
the known ϕ mass [33]. The reconstruction of B0

s → ϕe+e− candidates involves pairing
the ϕ candidate with a pair of oppositely charged tracks identified as electrons. Due to
bremsstrahlung photon emission, electrons lose a substantial amount of energy when inter-
acting with detector material. A dedicated procedure, which searches for neutral transverse
energy deposits larger than 75 MeV in the ECAL that are compatible with being emitted
by an electron upstream of the magnet, is applied to correct for this effect. However, the
limitations of this recovery technique degrade the resolution of the reconstructed invariant
masses of both the dielectron pair and the B0

s candidate. The K+K−e+e− reconstructed
invariant mass is therefore restricted to 4600 < m(K+K−e+e−) < 6300 MeV/c2.

The selection of the q2 region aims to optimise the sensitivity to the photon polarisation

in the b→ sγ transition present in the B0
s → ϕe+e− decay (i.e. C

(′)
7 ). The reconstruction

of the invariant mass-squared of the dielectron pair is performed through a kinematic
fit [34], which constrains the K+K−e+e− invariant mass to the known B0

s mass [33].
This technique, identical to the one developed in Ref. [17], improves the q2 resolution.
Subsequently, the reconstructed q2 is required not to exceed 0.25 GeV2/c4 to minimise

sensitivity to vector and axial-vector currents (C
(′)
9 and C

(′)
10 ), while maximising the

retention of signal candidates. Low-q2 signal candidates, which are particularly sensitive

to C
(′)
7 , have a poorer φ̃ resolution due to multiple scattering of quasi-collinear electrons

in the tracking detectors. Additionally, contamination from B0
s → ϕγ decays, followed

by photon conversion in the detector material, affects the lower end of the q2 spectrum.
Consequently, a minimum requirement of 0.0001 GeV2/c4 is imposed on the reconstructed
q2. The use of the B0

s mass constraint in the kinematic fit to compute the q2 reduces
this background by 80% with respect to an unconstrained fit. The region of q2 below
0.0001 GeV2/c4, which is enriched in B0

s → ϕγ decays, is used as a control sample and
denoted as “γ-bin”.

Each track must exhibit a good quality and be inconsistent with originating from a PV.
The kaons must have a transverse momentum larger than 400 MeV/c and be identified as
such using information from the RICH detectors. Electrons with pT exceeding 500 MeV/c
and demonstrating a good-quality vertex are utilised to construct dielectron candidates.
Tracks from electrons and kaons are required to form a good-quality vertex significantly
displaced from any PV. In events with multiple PVs, the one giving rise to the smallest
value of χ2

IP is associated to the B0
s → ϕe+e− candidate.

To mitigate background pollution stemming from random track combinations (combi-
natorial background), a boosted decision tree (BDT) classifier, trained with the XGBoost
algorithm [35], is employed. The upper mass sideband of the data samples, defined by
m(K+K−e+e−) > 5700 MeV/c2, serves as a proxy for the modelling of the combinatorial
background, where statistical enrichment is achieved by relaxing the requirement on the
invariant mass of the K+K− system (to be between 990 and 1100 MeV/c2). As a signal
proxy, simulation samples of B0

s → ϕe+e− candidates are used. A k-fold cross-validation
approach with k = 10 is used [36], in which each of the ten classifiers is trained leaving out
a different 10% of the data sample. The classifier uses eight kinematic and decay-topology
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variables, notably including information on the impact parameter of final-state particles,
as well as the transverse momentum of the B0

s candidate and its flight distance. Other
variables include the angle between the B0

s momentum and its flight distance vector, the
fit quality of the B0

s vertex, and its displacement from the associated PV. The classifier
reduces the background level by half while retaining 99% of the signal.

3.2 Exclusive backgrounds

Various sources of specific backgrounds are studied using dedicated simulation samples.
Identified background sources expected to contribute at a level greater than 1% of the
expected signal are modelled and included in the angular fit described in Sec. 4.

A significant background pollution arises from semileptonic B0
s → D−

s (→ ϕe−ν̄e)e
+νe

decays which share a common final state with the signal given that the neutrinos are
not reconstructed. This background populates the region below the B0

s invariant mass
and has a combined branching fraction about four orders of magnitude larger than that
of the signal. Even though the vast majority of this background populates higher q2

regions, when both neutrinos possess low energies the effectiveness of the signal selection in
rejecting this background diminishes. For this background, the positron from the B0

s decay
tends to exhibit higher energy than the electron from the D−

s decay. Consequently, the
reconstructed cos θL distribution tends to favor larger values, as cos θL is highly correlated
with the e+e− energy asymmetry. As a result, a symmetric requirement | cos θL| < 0.9
is imposed to further suppress this background. While this leads to a 1% loss of signal,
it removes 40% of this semileptonic background, sufficient that it can be subsequently
neglected in the fit.

The radiative B0
s → ϕγ branching fraction is approximately two orders of magnitude

larger than that of the signal, featuring a very similar distribution in the reconstructed
K+K−e+e− invariant mass. In the very low q2 region, the contamination from B0

s → ϕγ
decays is measured to be at the level of 15%, but is reduced to about 3% by applying a
conversion veto rejecting γ → e+e− processes compatible with originating from detector
material.

Candidates from B0
s → ϕη and B0

s → ϕπ0 decays, where the η or π0 meson decays
through the e+e−γ Dalitz process [37], can pass the selection if the photon has low energy,
or if it is recovered as a bremsstrahlung photon. In the latter case, the reconstructed
K+K−e+e− invariant-mass peaks at the B0

s invariant mass. The contamination from the
η (π0) Dalitz decay is estimated to be at the level of 4.7% (1.8%).

Background contributions from misidentified B0
s → ϕ(→ K+K−)ϕ(→ K+K−),

B0 → K∗0(→ K+π−)e+e− and Λ0
b → pK−e+e− decays are studied but are found to be

negligible, due to a low electron misidentification rate (∼ 2%) and the narrowness of the
ϕ resonance.

3.3 Effective q2 range of the B0
s → ϕe+e− signal events

The dependence of the signal efficiency as a function of the true dielectron invariant mass,
as determined through simulation, is shown in Fig. 1. This efficiency is slowly varying
in most of the signal region. Close to the boundaries, the efficiency drops rapidly due
to the selected range of reconstructed q2 and the effect of the dielectron mass resolution.
Therefore, following the method described in Ref. [20], effective q2 boundaries are defined to
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Figure 1: Relative efficiency as a function of the true dielectron invariant mass (
√

q2TRUE). The

points represent the efficiency obtained from simulation, while the vertical lines represent the

effective boundaries (
√
q2TRUE between 30MeV/c2 and 511MeV/c2). The use of

√
q2TRUE instead

of q2TRUE allows for better visualisation of the boundary effects.

be located between 0.0009 GeV2/c4 and 0.2615 GeV2/c4 to allow for theoretical predictions
of the angular observables without any input from simulation.

4 Angular analysis

The angular observables FL, A
(2),
T AImCP

T and AReCP
T , defined in Eq. (1), are determined

through a four-dimensional unbinned maximum-likelihood fit to the m(K+K−e+e−),
cos θL, cos θK , and φ̃ distributions. After the selection, the K+K−e+e− invariant mass
does not exhibit correlation with the angular distributions as indicated by simulation.
The m(K+K−e+e−) distribution is thus incorporated into the fit to enhance the discrimi-
nation power between signal and background. Both signal and B0

s → ϕγ invariant-mass
components are represented by a double-sided Crystal Ball function [38] that consists of
a Gaussian core with asymmetric power-law tails. The tail parameters are fixed to the
values obtained from simulation. The widths and mean values are corrected for differences
between data and simulation obtained from the γ-bin fit results.

The angular distributions of the signal candidates are parameterised by the product of
Eq. (1) and a function describing the angular acceptance of the candidate reconstruction
and selection process. A dedicated simulated sample generated with flat angular distribu-
tions is used to model the angular acceptance, assuming factorization of the three angles:
ϵ(cos θL, cos θK , φ̃) = ϵ(cos θL) × ϵ(cos θL) × ϵ(φ̃). The acceptance is parameterised using
Legendre polynomials of order eight for cos θL and order four for cos θK . Given the flavour-
symmetric final state, only even orders are considered. For the φ̃ angle, nonuniform
acceptance terms proportional to cos(2φ̃) and sin(2φ̃) are allowed. However, no significant
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deviation from a uniform distribution is observed.
The combinatorial background in m(K+K−e+e−) is described by an exponential

function whose slope is a free parameter in the fit. The modelling of the angular distribution
relies on constraints obtained using a data sample reconstructed as B0

s → ϕe±µ∓. Indeed,
as this decay is forbidden in the SM due to lepton-flavour conservation, the sample mostly
comprises semileptonic and combinatorial background candidates. The q2 and selection
requirements are slightly changed to account for the muon in the final state. The cos θL
and cos θK are modelled separately by Legendre polynomials and the φ̃ distribution is
assumed to be uniform. It is verified that the B0

s → ϕe±µ∓ sample is a good proxy for
the combinatorial background by comparing the invariant mass and angular distributions
to those of B0

s → ϕe+e− decays in the lower (< 5100 MeV/c2) and upper (> 5500 MeV/c2)
mass sideband regions.

For the B0
s → ϕγ background, the electrons originate from the interaction of a real

photon with detector material. Hence, the cos θL and φ̃ dependent parts of Eq. (1) can be
integrated out to model only the cos θK dependent part. This shape is dependent solely
on the parameter FL. The value of FL for the B0

s → ϕγ decay is obtained from the fit
to the γ-bin. When included as a background in the fit to the signal sample, its angular
shape in cos θL and φ̃ is derived from a simulated sample and is assumed to factorise
between the angles.

The shapes of the B0
s → ϕη and B0

s → ϕπ0 background contributions are modelled
using simulated samples through nonparametric probability density functions [39] for the
invariant mass and via Chebychev polynomials for the angles.

The fitting procedure is validated using a large sample of simulated B0
s → ϕe+e−

signal decays with a size about 500 times that of the signal yield on data, where the
measured values of FL, A

(2),
T AImCP,

T and AReCP
T are in agreement with the generated values

demonstrating, in particular, the validity of the modelling of the angular acceptance. Sub-
sequently, the B0

s → ϕe+e− fit model is validated against data through a two-dimensional
fit to the m(K+K−e+e−) and cos θK distributions of the B0

s → ϕγ control sample, corre-
sponding to a total of around 580 signal candidates. The results from this fit, including
their projections, are illustrated in Fig. 2. The obtained value of FL = −0.01±0.02, where
the uncertainty is statistical only, agrees well with a purely transverse polarisation of the
ϕ meson, indicative of a real photon interaction.
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Figure 2: Distributions of the (left) K+K−e+e− invariant mass and (right) cos θK of the
B0

s → ϕγ control sample, with the fit projection also shown.
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An additional validation is conducted through pseudoexperiments that include both
signal and background components with yields obtained from the data fit, where the
angular observables FL, A

(2)
T , AImCP

T , and AReCP
T are generated according to their SM

predictions. The results show good compatibility with the input parameters, with the
exception of a minor bias in FL, quantified as 0.14% of its statistical uncertainty. This
bias is due to the vicinity of the physical boundary at zero, therefore an upper limit on
FL is computed using a Feldman–Cousins approach [40].

5 Systematic uncertainties

A summary of the systematic uncertainties is shown in Table 1. They are estimated using
pseudoexperiments generated according to the baseline result. The pseudoexperiments
are fitted with both the default and alternative models, and the resulting difference in
angular observables is assigned as the systematic uncertainty.

All simulated samples used in the analysis are generated with the ∆Γs parameter
set to zero. A systematic uncertainty is computed by altering the angular, q2, and B0

s

lifetime distributions of simulated samples to reflect the current world average value
∆Γs

Γs
= 0.126 [33], primarily affecting the value of A

(2).
T

The systematic uncertainties associated with the corrections applied to simulated
candidates used to model the angular acceptance are evaluated by fitting uncorrected
simulated candidates. An alternative model using Legendre polynomials with odd coeffi-
cients is used to estimate the systematic uncertainties associated with the shape of the
acceptance function. To compute the uncertainty linked to the size of the sample used
to extract the acceptance shape, the acceptance parameters in pseudoexperiments are
randomly generated within one standard deviation. Peaking background contributions
are evaluated by varying the contamination of each background component within its
uncertainty.

Furthermore, the non-negligible size of the φ̃ resolution results in an underestimation
of the magnitude of A

(2)
T proportional to its value. The size of the effect is estimated using

signal-only pseudoexperiments generated with a q2-dependent smearing on φ̃ and fitted
with the default fitting function which ignores this resolution effect.

It is checked that other sources of systematic uncertainties, such as the signal invariant-

Table 1: Summary of the systematic uncertainties. For comparison, the statistical uncertainties
are shown in the last row of the table. The dash indicates that the parameter is not affected by
the corresponding systematic.

Source of systematic A
(2)
T AImCP

T AReCP
T FL

∆Γs/Γs 0.008 <0.001 <0.001 <0.001
Corrections to simulation 0.002 <0.001 <0.001 0.010
Acceptance function modelling <0.001 <0.001 0.001 0.002
Simulation sample size for acceptance 0.006 0.008 0.005 0.002
Background contamination 0.009 0.014 0.004 0.006
Angles resolution −0.005 <0.001 — —
Total systematic uncertainty 0.014 0.016 0.006 0.012
Statistical uncertainty 0.235 0.247 0.155 0.056
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mass model and combinatorial angular modelling, yield negligible contributions to the
overall systematic uncertainty. This is expected since the related parameters are only
loosely constrained in the fit.

The total systematic uncertainties are obtained by summing all contributions in
quadrature, and are, in all cases, to be smaller than the statistical uncertainties on the
observables.

6 Results

The projections of the final fit on m(K+K−e+e−) and the three angles are displayed
in Fig. 3. The total signal yield observed within the effective q2 range, from 0.0009
to 0.2615 GeV2/c4, is about 100 events. Together with the results from Ref. [41], this
constitutes the first observation of the B0

s → ϕe+e− decay mode.
The obtained values for the four angular observables are

A
(2)

T = −0.045 ± 0.235 ± 0.014 ,

AImCP
T = 0.002 ± 0.247 ± 0.016 ,

AReCP
T = 0.116 ± 0.155 ± 0.006 ,

FL = (0.4 ± 5.6 ± 1.2)% ,

where the first uncertainty is statistical and the second systematic. As the FL parameter
is close to the physical boundary, the Feldman–Cousins method is applied to determine
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Figure 3: Distributions of the (top left) K+K−e+e− invariant mass, (top right) cos θL, (bottom
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s → ϕe+e− candidates in the very low q2 range with fit
projections aslo shown.
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Figure 4: Current constraints at the 2σ level (containing 95.4% of the distribution) on the real
and imaginary part of the ratio of the right- to left-handed Wilson coefficients C

′
7 and C7. The

constraints from various measurements are shown in light colours and are, for most of them, the
combination of several results. The constraints from angular analyses of B0 → K∗0e+e− decays
from the LHCb and the Belle experiments are performed in different q2 regions and are shown
separately. The constraints from the measurement presented in this paper are shown in red and
the result of the global fit in cyan. The SM prediction is represented by the black star.

an upper limit, FL < 11.5% (13.7%) at the 90% (95%) confidence level (CL). A shift of

−0.025 has been applied to the A
(2)
T parameter to correct for the remaining bias observed

while fitting the simulation corrected for the ∆Γs being nonzero. Studies with simulation
show that this bias arises from the nonuniform efficiency in the B0

s decay time.

7 Summary

An angular analysis of the B0
s → ϕe+e− decay is performed for the first time, using pp

collision data collected by the LHCb experiment between 2011 and 2018, corresponding
to an integrated luminosity of 9 fb−1. Angular observables are measured in an effective
q2 region between 0.0009 and 0.2615 GeV2/c4. The results are consistent with the SM
predictions [21,42–44]. Using the flavio software package [43], they can be used to measure
both the real and imaginary parts of the B0

s → ϕγ photon polarisation with a precision of

12%. The C
(′)
7 regularisation-scheme-independent effective coefficients are calculated at

the scale µ = 4.8 GeV [45] and the value of the left-handed C7 coefficient is fixed to its
SM value, −0.2915. The overall constraints, shown in Fig. 4, are compared to those from
previous measurements from the BaBar, Belle, Belle II and LHCb collaborations [7–17].
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tion (Germany); ICSC (Italy); Severo Ochoa and Maŕıa de Maeztu Units of Excellence,
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S. Legotin44 , M. Lehuraux57 , E. Lemos Cid49 , O. Leroy13 , T. Lesiak41 , E.
D. Lesser49 , B. Leverington22 , A. Li4,b , C. Li13 , H. Li72 , K. Li8 , L. Li63 ,
M. Li8, P. Li7 , P.-R. Li73 , Q. Li5,7 , S. Li8 , T. Li5,d , T. Li72 , Y. Li8, Y. Li5 ,
Z. Lian4,b , X. Liang69 , S. Libralon48 , C. Lin7 , T. Lin58 , R. Lindner49 , H.
Linton62 , V. Lisovskyi50 , R. Litvinov32,49 , F. L. Liu1 , G. Liu72 , K. Liu73 ,
S. Liu5,7 , W. Liu8, Y. Liu59 , Y. Liu73, Y. L. Liu62 , A. Lobo Salvia46 , A. Loi32 ,
J. Lomba Castro47 , T. Long56 , J.H. Lopes3 , A. Lopez Huertas46 , S. López Soliño47 ,
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70Pontif́ıcia Universidade Católica do Rio de Janeiro (PUC-Rio), Rio de Janeiro, Brazil, associated to 3

71School of Physics and Electronics, Hunan University, Changsha City, China, associated to 8

72Guangdong Provincial Key Laboratory of Nuclear Science, Guangdong-Hong Kong Joint Laboratory of
Quantum Matter, Institute of Quantum Matter, South China Normal University, Guangzhou, China,
associated to 4

20



73Lanzhou University, Lanzhou, China, associated to 5

74School of Physics and Technology, Wuhan University, Wuhan, China, associated to 4

75Departamento de Fisica , Universidad Nacional de Colombia, Bogota, Colombia, associated to 16

76Ruhr Universitaet Bochum, Fakultaet f. Physik und Astronomie, Bochum, Germany, associated to 19

77Eotvos Lorand University, Budapest, Hungary, associated to 49

78Van Swinderen Institute, University of Groningen, Groningen, Netherlands, associated to 38

79Universiteit Maastricht, Maastricht, Netherlands, associated to 38

80Tadeusz Kosciuszko Cracow University of Technology, Cracow, Poland, associated to 41

81Universidade da Coruña, A Coruña, Spain, associated to 45

82Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden, associated to 60

83University of Michigan, Ann Arbor, MI, United States, associated to 69

aCentro Federal de Educacão Tecnológica Celso Suckow da Fonseca, Rio De Janeiro, Brazil
bCenter for High Energy Physics, Tsinghua University, Beijing, China
cHangzhou Institute for Advanced Study, UCAS, Hangzhou, China
dSchool of Physics and Electronics, Henan University , Kaifeng, China
eLIP6, Sorbonne Université, Paris, France
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yFacultad de Ciencias Fisicas, Madrid, Spain
zDepartment of Physics/Division of Particle Physics, Lund, Sweden

†Deceased

21


	Introduction
	The LHCb detector and dataset
	Selection of signal candidates
	Reconstruction
	Exclusive backgrounds
	Effective q2 range of the B 0s e +e-  signal events

	Angular analysis 
	Systematic uncertainties
	Results
	Summary
	References

