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Lepton flavor universality in rare b → s transitions is tested for the first time using B0
s meson decays. The

measurements are performed using pp collision data collected by the LHCb experiment between 2011 and
2018, corresponding to a total integrated luminosity of 9 fb−1. Branching fraction ratios between the
B0
s → ϕeþe− and B0

s → ϕμþμ− decays are measured in three regions of dilepton mass squared, q2, with
0.1 < q2 < 1.1, 1.1 < q2 < 6.0, and 15 < q2 < 19 GeV2=c4. The results agree with the standard model
expectation of lepton flavor universality.
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The decay of a B0
s meson to a ϕ meson and pair of

oppositely charged leptons, lþl−, involves a b- to s-quark
flavor-changing neutral-current transition. Such processes
are rare in the standard model of particle physics (SM). In
extensions of the SM, the rates of these processes could be
modified by the contribution of as-yet undiscovered par-
ticles. The branching fraction of the B0

s → ϕμþμ− decay,
BðB0

s → ϕμþμ−Þ, has been measured by the CDF [1] and
LHCb [2–4] Collaborations as a function of the dilepton
mass squared, q2. The experimental measurements are
systematically below theoretical predictions, with a local
tension as large as 3.6 standard deviations [4]. However,
comparisons with theoretical predictions are complicated
by sizeable uncertainties on the form factors for the B0

s → ϕ
transition [5,6] and hadronic corrections to the decay rate
[7,8]. Discrepancies with SM predictions have also been
found in the angular distributions of the B0

s → ϕμþμ−
decay [9], as well as in the rate and angular distribution of
other b → sμþμ− transitions [10–18]. This pattern of
tensions with SM predictions has led to significant dis-
cussion within the community [19–34].
Lepton flavor universality tests, which compare the rates

of processes involving different flavors of charged leptons,
can provide powerful probes of the SM. In such compar-
isons, SM uncertainties associated with hadronic form
factors largely cancel and, since the electroweak couplings
are flavor universal, processes are expected to differ only by
phase-space and QED effects [35,36]. In some extensions

of the SM, this accidental flavor-symmetry could be
violated (see, for example, Refs. [37–40]).
In this Letter, a first measurement of the lepton univer-

sality ratio Rϕ ¼ BðB0
s → ϕμþμ−Þ=BðB0

s → ϕeþe−Þ is
reported. Inclusion of charge-conjugate processes is
implied throughout. The analysis uses data from pp
collisions at center-of-mass energies of

ffiffiffi

s
p ¼ 7, 8, and

13 TeV, corresponding to a total integrated luminosity of
9 fb−1, collected by the LHCb Collaboration between 2011
and 2018. Measurements are performed in three bins of q2:
0.1 < q2 < 1.1 (low), 1.1 < q2 < 6.0 (central), and 15 <
q2 < 19 GeV2=c4 (high). The lowest q2 bin contains small
contributions from light-quark resonances decaying to
lþl− (predominantly the ρð770Þ0 and ϕ mesons).
Similar tests involving Bfþ;0g → Kfþ;0glþl−, Bfþ;0g →
K�fþ;0glþl− and Λ0

b → pK−lþl− decays have previously
been performed by the BABAR [41], Belle [42], CMS [17],
and LHCb Collaborations [43–49]. One advantage of
performing tests with B0

s → ϕlþl− decays is that the clean
signature of the ϕ → KþK− decay significantly reduces
most sources of background. This facilitates the inclusion
of the high-q2 bin, which has not been studied in previous
LHCb publications.
The analysis strategy follows closely the approach

described in Refs. [48,49]. To reduce systematic uncer-
tainties on the modeling of the lepton reconstruction
efficiency, the double ratio of branching fractions,

Rϕ ¼
�

BðB0
s → ϕμþμ−Þ

BðB0
s → J=ψð→ μþμ−ÞϕÞ

�

=
�

BðB0
s → ϕeþe−Þ

BðB0
s → J=ψð→ eþe−ÞϕÞ

�

; ð1Þ
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is measured. Here, each individual branching fraction is
obtained as the corresponding yield in the relevant q2

interval divided by its efficiency, with other multiplicative
factors that cancel exactly in Eq. (1). In practice, R−1

ϕ is
measured rather than Rϕ such that the small B0

s → ϕeþe−

yield appears in the numerator and the statistical behavior
of the observable more closely follows a Gaussian dis-
tribution. To avoid experimenter’s bias, the B0

s → ϕeþe−

candidates with masses in the range 5.2–5.5 GeV=c2

(slightly different for each q2 interval), the corresponding
signal yields, and R−1

ϕ are not inspected until all aspects of
the analysis procedure are finalized.
The LHCb detector [50,51] 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 includes a high-precision tracking system,
comprising silicon-strip [52,53] and straw drift-tube [54]
detectors. Different types of charged hadrons are distin-
guished using information from two ring-imaging
Cherenkov detectors [55]. Electrons are identified using
a calorimeter system comprising scintillating-pad and
preshower detectors, an electromagnetic, and a hadronic
calorimeter. Muons are identified by a system composed of
alternating layers of iron and multiwire proportional
chambers [56]. The online event selection is performed
by a trigger [57], which consists of a hardware and a
software stage.
Simulated data samples are used to determine the

efficiency of the event reconstruction and candidate selec-
tion, which is needed to determine the branching fractions
from the observed yields. These samples are also used to
understand candidate mass line shapes, and the contribu-
tions from different background sources. In the simulation,
pp collisions are generated using PYTHIA [58] with a
specific LHCb configuration [59]. Decays of unstable
particles are described by EVTGEN [60], in which final-
state radiation is generated using PHOTOS [61]. Simulated
B0
s → ϕlþl− decays are generated according to a model

based on Refs. [62–64]. The interactions of the generated
particles with the detector, and its response, are simulated
using the GEANT4 toolkit [65] as described in Ref. [66]. The
simulated samples are corrected to account for known data-
simulation differences in the B0

s production kinematics and
detector occupancy, as well as track reconstruction, particle
identification, and trigger efficiencies. The q2 distribution
of the simulated B0

s → ϕeþe− sample is smeared to better
match the resolution of the B0

s → J=ψϕ candidates in data.
The analysis uses data triggered at the hardware stage

either by particles in the event that are not used to form
signal candidates, or by an electron (muon) with large
transverse energy (transverse momentum) for B0

s → ϕeþe−

(B0
s → ϕμþμ−) decays. The ET (pT) thresholds vary in the

ranges 2.4–3.0 GeV (1.5–2.9 GeV=c). In the subsequent
software trigger, events are retained if they contain at least

one reconstructed track that has a large pT and is signifi-
cantly displaced from every primary proton-proton inter-
action vertex (PV). This track is then combined with at least
one other track to form a vertex and events are retained
based on topological criteria [67,68]. Off-line, B0

s →
ϕlþl− candidates are formed by combining two leptons
of opposite charge with a pair of kaons of opposite charge.
A dedicated algorithm is used to correct for the brems-
strahlung emission of the electrons, associating energy
deposits in the calorimeter to electrons based on their
trajectories. Candidates are accepted if their reconstructed
mass is in the range 5000 < mðKþK−μþμ−Þ < 6000 or
4600 < mðKþK−eþe−Þ < 6600 MeV=c2 and if the kaon
pair has a mass within�12 MeV=c2 of the known ϕmeson
mass [69]. Contributions in this mass region from B0

s →
KþK−lþl− decays, where the kaons do not originate from
a ϕ meson, are known to be small and are neglected [4].
The leptons and kaons must have significant impact
parameter (IP) values and form a common vertex that is
displaced from every PV. The PV that fits best to the B0

s

flight direction is taken as the associated PV, and the B0
s

candidate must have a small IP with respect to this PV. In
the B0

s → ϕμþμ− sample, candidates with dimuon masses
within�100 MeV=c2 of the known J=ψ mass are assumed
to originate from B0

s → J=ψϕ decays. A wider range,
6 < q2 < 11 GeV2=c4, is used for B0

s → J=ψð→ eþe−Þϕ
decays to account for the worse mass resolution resulting
from bremsstrahlung and the associated energy recovery
procedure.
Combinatorial backgrounds are suppressed using a

gradient boosted decision tree (BDT) classifier [70]. The
classifier uses topological and kinematic information,
including: the chi square of a common vertex fit to the
four particles, the consistency of the B0

s candidate with
originating from the associated PV, the displacement of the
candidate’s decay vertex from that PV, its pT, and the pT
and IP of the kaons and the leptons. Separate classifiers are
trained for the dielectron and dimuon final states and
for the 2011–2012, 2015-–2016, and 2017–2018 run
periods. Simulated signal decays and candidates from
upper mass sidebands, with mðKþK−μþμ−Þ > 5400 and
mðKþK−eþe−Þ > 5600 MeV=c2, are used as signal and
background proxies in the training. To increase the amount
of data available for training and avoid biases, k-fold cross
validation [71] with k ¼ 10 is used for the training or
testing samples. The working points of the classifier are
chosen to optimize the precision on an Rϕ measurement
based on the measured B0

s → ϕμþμ− branching fraction
[4], assuming Rϕ ¼ 1. Working points are optimized
separately for the three q2 regions.
The narrow window around the ϕ meson mass reduces

the background from many specific b-hadron decays.
Backgrounds from B0 → K�0ð→ Kþπ−Þlþl− and Λ0

b →
pK−lþl− decays are reduced to a negligible level by
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particle identification requirements. Potential background
from B0

s → D−
s ð→ ϕπ−Þlþνl decays, where the π− is

mistakenly identified as a lepton, is rejected by removing
candidates if the ϕl− mass is consistent with that of a D−

s
meson after the pion mass has been assigned to the lepton.
This veto also removes potential background from B0

s →
D−

s ð→ ϕπ−Þπþ decays with double misidentification.
Additional particle identification criteria are applied to
remove b-hadron decays to J=ψ or ψð2SÞ mesons and two
charged hadrons, where a hadron is mistakenly recon-
structed as a lepton and vice versa. These criteria are
applied for B0

s → ϕμþμ− candidates if the mass formed by
the hadron and muon of opposite charge is consistent with
the J=ψ or ψð2SÞ mass when the hadron is assigned the
muon mass. For B0

s → ϕeþe− candidates the criteria are
applied if the four-body mass, calculated with the electron
mass assigned to the K�, and the e� assigned either the
pion, kaon or proton mass, is close to that of a known b
hadron.
The ϕlþl− final state has relatively few potential

backgrounds from partially reconstructed b-hadron decays
with missing hadrons. The most relevant are Bf0;þg →
ϕKf0;þglþl− decays where the kaon is not reconstructed.
Backgrounds from hadronic b decays, where two charged
hadrons are misidentified as leptons and potentially one or
more hadrons are not reconstructed, are poorly known. The
contribution from these backgrounds is estimated using the
same data-driven approach as employed in Refs. [48,49].
A separate BDT classifier is trained to reject background

in the high-q2 interval from J=ψ → eþe− decays originat-
ing from a b hadron, where bremsstrahlung photons have
been incorrectly assigned to the electrons, or incorrectly
reconstructed. The BDT classifier is trained using simu-
lated events and uses information on the bremsstrahlung
photon energy, reconstructed track momentum, track asym-
metries, and the dielectron mass. The classifier achieves a
signal efficiency of 90% while rejecting more than 80% of
these backgrounds.
After applying the full selection less than 0.3% of events

contain more than one candidate, in which case a single
candidate is selected at random. The yields of B0

s → ϕlþl−

and B0
s → J=ψϕ decays are determined by performing

unbinned extended maximum-likelihood fits to the mass
distributions of the candidates in the different samples,
using ZFIT [72]. The fit is performed simultaneously, where
R−1
ϕ is shared over the different data-taking periods. The

B0
s → ϕlþl− and B0

s → J=ψϕ signals are described by
modified Gaussian functions with power-law tails. The
functions have different width and tail parameters on the
left- and right-hand sides of the distribution. For B0

s →
ϕeþe− decays, the line shape is obtained by summing
functions that represent the cases where either zero, one, or
two or more calorimeter clusters are associated with
bremsstrahlung from the dielectron pair. The fractional

contribution of these functions is validated to agree well
between data and simulation using the B0

s → J=ψϕ sample.
These fractions are then fixed from simulation, together
with the tail parameters of the signal shapes, in the fit to
data. The peak and width parameters for each q2 bin are
taken from simulation but are allowed to vary by scale
factors in the fits to the data. For the B0

s → ϕlþl− samples,
the scale factors are constrained to match those of the
corresponding B0

s → J=ψϕ samples.
Combinatorial background in the low- and central-q2

bins is described by an exponential function using inde-
pendent slope parameters in the different q2 regions. The
combinatorial shape is modified at high q2, by multiplying
the exponential function by a sigmoid function to account
for the reduced q2 range available at low mðKþK−lþl−Þ.
The shape of the sigmoid is determined from a model
wheremðKþK−lþl−Þ and q2 are described by exponential
functions, which are parameterized using candidates at
large mðKþK−lþl−Þ. It is verified with data that there is
negligible correlation between the q2 and mðKþK−lþl−Þ
distributions.
Background from semileptonic decays of a B0

s to a D−
s

meson, where the D−
s also decays semileptonically, is

modeled by an exponential function with a slope parameter
fixed from simulation. This background is only present in
the low- and central-q2 bins. The shape and level of
background from misidentified hadrons are obtained by
combining three control regions in data, where either one or
both leptons are selected with particle identification criteria
favoring hadrons, following the procedure in Refs. [48,49].
For the fit to the dielectron samples, additional back-

ground components, with parameters fixed from simula-
tion, are included to account for leakage from B0

s → J=ψϕ
[B0

s → ψð2SÞϕ] decays into the central- and high-q2 (high-
q2 only) bins. In central q2, the B0

s → J=ψϕ leakage is
described by a Gaussian function. At high q2, the B0

s →
J=ψϕ and B0

s → ψð2SÞϕ leakage shapes are described by a
nonparametric kernel density estimate and by a Johnson SU
function [73], respectively. For the B0

s → J=ψϕ samples,
background components below the 1% level are included to
describe B0 → J=ψK�0, Λ0

b → J=ψpK−, and B0 → J=ψϕ
decays. These components are taken nonparametrically
from simulated samples. The yields of semileptonic,
leakage, and misidentified backgrounds are each con-
strained in the fits to estimates from simulation.
Figure 1 shows the mass distributions of selected B0

s →
ϕeþe− candidates in the different q2 bins. The correspond-
ing mass distributions for selected B0

s → ϕμþμ− candi-
dates, which are similar to those in Ref. [4], are provided as
Appendixes. The yields of the B0

s → ϕeþe− (B0
s → ϕμþμ−)

decays in the low-, central-, and high-q2 bin are 63� 9
(159� 13), 119� 14 (300� 18), and 50� 13 (312� 18),
respectively. The lower yield for the dielectron compared to
the dimuon modes is due to lower track-reconstruction
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efficiency for electrons and the large ET requirement
necessary to select them in the hardware trigger. The
statistical significance of the B0

s → ϕeþe− signal in the
three q2 bins is determined using Wilks’s theorem [74] to
correspond to 6.8, 5.4, and 3.6 standard deviations (σ).
The analysis is validated using pseudoexperiments,

generated with Rϕ ¼ 1 and taking BðB0
s → ϕμþμ−Þ from

Ref. [4]. The resulting fits are found to have good coverage
and bias at the level of 10% of the statistical uncertainty or
less. The bias is corrected and the uncertainty on the bias
assigned as a source of systematic uncertainty. Several
cross-checks are performed to validate the analysis using
data. The branching fraction of the B0

s → ϕμþμ− decay is
measured and found to be consistent with Ref. [4].
Consistent values of R−1

ϕ are found when analyzing the
data with stricter particle identification requirements. The
B0
s → J=ψϕ yields are also determined from fits to the

candidate mass distribution with the lþl− mass con-
strained to the known mass of the J=ψ meson. This
significantly improves the mass resolution on the B0

s →
J=ψϕ samples but only changes the yields by 0.2%,
confirming that the KþK−lþl− mass model gives an
appropriate description of the data. The ratio of branching
fractions between B0

s → J=ψð→ μþμ−Þϕ and B0
s →

J=ψð→ eþe−Þϕ decays, rJ=ψ , is determined from fits to
the constrained masses, in bins of different kinematic
variables, and found to be consistent with unity; the most
significant variation is used to assign a systematic

uncertainty on the measurement of R−1
ϕ . The value of

rJ=ψ for the combined dataset is rJ=ψ ¼ 0.997� 0.013,
where the uncertainty combines the statistical and a subset
of the systematic uncertainties pertaining to the limited size
of the calibration samples used in the data-simulation
corrections. The double ratio Rψð2SÞ, defined by replacing
the signal mode B0

s → ϕlþl− with the decay B0
s →

ψð2SÞϕ in Eq. (1), is determined from fits to candidates
with 11 < q2 < 15 GeV2=c4. The double ratio is found to

FIG. 1. Mass distributions of selected B0
s → ϕeþe− candidates in the (top left) low-, (top right) central-, (bottom left) high-q2, and

(bottom right) J=ψ bins. The data are summed over the three data-taking periods and are compared with the result of the fit described in
the text.

TABLE I. Sources of systematic uncertainty in 10−2 on the R−1
ϕ

measurement in the low-, central-, and high-q2 bins. The total
uncertainty is computed by combining the contributions from
individual sources in quadrature.

Source ½10−2� Low Central High

Fit bias < 0.1 0.9 1.4
Normalization 0.2 0.2 0.2
rJ=ψ variation 1.3 0.6 0.9
Efficiency calibration 0.7 0.5 1.2
q2 smearing 0.6 0.5 0.3
Decay model 0.1 0.3 0.1
Signal line shape 1.7 1.5 3.7
Misidentified background 4.1 4.3 7.4
Combinatorial background � � � � � � 3.9
Leakage background � � � 0.9 2.1
Semileptonic background 1.3 1.2 � � �
Total 4.9 4.9 9.6
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be Rψð2SÞ ¼ 1.010� 0.026, consistent with the expectation
of unity, where again the uncertainty combines statistical
and systematic contributions. An independent test [75]
using ϕ mesons from Dþ

s decays, that decay to eþe− and
μþμ−, shows that the lepton efficiency is well understood
even for lower momentum leptons.
The different sources of systematic uncertainty on R−1

ϕ
considered in the analysis are summarized in Table I.
Sources of uncertainty on the efficiencies, related to the
finite size of the simulation and variations of the data-
simulation corrections, impact R−1

ϕ at the ∼1% level. Small
variations of the decay model used in the simulation,
accounting for the time dependence of the signal decay
rate, have a minimal impact on R−1

ϕ . Variations of the q2

resolution also impact the efficiency calculation as simu-
lated decays migrate into and out of the q2 bins used in the
analysis. A systematic uncertainty on the q2 -resolution
correction is determined by evaluating separate correction
factors from the B0

s → J=ψϕ sample in bins of electron pT.
Modifying the correction factors changes R−1

ϕ by less
than 1%.
The largest sources of systematic uncertainty are asso-

ciated with the modeling of the signal and background in
the likelihood fits. The uncertainty associated with the
signal line shape is estimated by replacing the model by a
simplified function, with a single Gaussian core, and by
varying the fractions of the different bremsstrahlung
categories that form the line shape. The uncertainty on
the modeling of misidentified hadronic backgrounds is
determined by varying both the size and shape of the
contribution in the fit. Variations are made to the particle-
identification requirements used to define the background-
like control regions, the efficiency maps that translate
yields in the backgroundlike regions to yields in the signal
region, and in the model used to parametrize the line shape.
The effect of the finite size of the backgroundlike samples
is assessed using a bootstrapping technique [76].
Uncertainty on the high-q2 combinatorial-background
shape is evaluated by varying the shape of the q2 distri-
bution used to determine the sigmoid parameters, and by
replacing the model by an alternate function with a power-
law turn-on and exponential falloff, with parameters con-
strained from a fit to data with same-sign l�l� or K�K�

combinations. An uncertainty from the J=ψ and ψð2SÞ
leakage into the central- and high-q2 bins is assigned by
replacing the parametric shapes by a nonparametric model,
varying the constraints on the background yields in the fit,
and by varying the q2 resolution in the simulation. An
uncertainty associated with the semileptonic background is
evaluated by estimating the effects of replacing the back-
ground model by a nonparametric model and varying the
background level.
The R−1

ϕ values in the three q2 ranges are given in
Table II. The results are in good agreement with the SM
expectation. Figure 2 shows the variation with R−1

ϕ of the
difference in log-likelihood of the fit from the best fit point.
For low q2, a local minimum around R−1

ϕ ∼ 1.3 yields a
nonparabolic profile likelihood towards lower R−1

ϕ values.
The presence of this additional minimum is evident when
considering the variation of the likelihood in the full
parameter space and is induced by large correlations
between the combinatorial background and the signal
model in combination with the small sample size.
Depending on the mðKþK−eþe−Þ mass range, the particle
identification criteria and BDT requirement, the minimum

FIG. 2. Profile log-likelihood of R−1
ϕ for the low-, central-, and

high-q2 bins, relative to the best fit point. Systematic uncertain-
ties are included by convolving the likelihood from the fit with a
Gaussian distribution of width equal to the systematic uncer-
tainty. The vertical lines indicate the 1σ and 2σ confidence
intervals, respectively.

TABLE II. Values of R−1
ϕ and dBðB0

s → ϕeþe−Þ=dq2 in the low-, central-, and high-q2 bins. The first uncertainty
is statistical and the second systematic. For the differential branching fraction, the third and the fourth uncertainty
are due to the experimental uncertainty on the ratio dBðB0

s → ϕμþμ−Þ=dq2=BðB0
s → J=ψϕÞ [4] and on BðB0

s →
J=ψϕÞ [69,78], respectively.

q2 (GeV2=c4) R−1
ϕ dBðB0

s → ϕeþe−Þ=dq2 (10−7 GeV−2 c4)

0.1 < q2 < 1.1 1.57þ0.28
−0.25 � 0.05 1.38 þ0.25

−0.22 � 0.04� 0.19� 0.06
1.1 < q2 < 6.0 0.91þ0.20

−0.19 � 0.05 0.26� 0.06� 0.01� 0.01� 0.01
15.0 < q2 < 19.0 0.85þ0.24

−0.23 � 0.10 0.39� 0.11� 0.04� 0.02� 0.02
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at R−1
ϕ ∼ 1.3 can be favored. The 2σ interval on R−1

ϕ from
the profile likelihood is [0.86, 2.18]; the results is in
agreement at the level of 1.4σ with a SM prediction of
1.016 computed using Ref. [77]. Table II also presents the
differential branching fraction of the B0

s → ϕeþe− decay,
determined from R−1

ϕ , dBðB0
s → ϕμþμ−Þ=dq2=BðB0

s →
J=ψϕÞ [4] and BðB0

s → J=ψϕÞ [69,78]. The upper value
of the low-q2 range in Ref. [4] is extrapolated from 0.98 to
1.1 GeV2=c4 by assuming that dBðB0

s → ϕμþμ−Þ=dq2 is
uniform in q2. At 2σ, dBðB0

s → ϕeþe−Þ=dq2 in the low-q2

region is in the range ½0.65; 2.08� × 10−7 GeV−2 c4. As
implied by R−1

ϕ , the B0
s → ϕeþe− branching fraction is

consistent with that of the B0
s → ϕμþμ− decay and lies

below the central value of the SM prediction in the central-
and high-q2 bins.
In summary, the first measurement of the ratio of B0

s →
ϕeþe− and B0

s → ϕμþμ− branching fractions is presented.
This represents the first test of lepton flavor universality
with B0

s → ϕlþl− decays. It is also the most precise test of
lepton flavor universality in the high-q2 region of any
measurement involving b → slþl− transitions. Together
with Ref. [79], this result constitutes the first observation of
the B0

s → ϕeþe− decay. In addition, the differential branch-
ing fraction of the B0

s → ϕeþe− decay is measured in three
bins of q2. The results are statistically limited and agree
with the SM expectation of lepton flavor universality,
placing important constraints on extensions of the SM.
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Appendix A: Mass fits for B0
s → ϕμþμ− decays—

Figure 3 shows the mass distributions of selected B0
s →

ϕμþμ− candidates in the different q2 bins. The
significant difference in mass resolution between B0

s →
ϕμþμ− and B0

s → ϕeþe− decays, where the latter, shown
in Fig. 1, is due to bremsstrahlung from the e� and the
imperfect nature of the bremsstrahlung recovery.

Appendix B: Differential branching fraction of the
B0
s → ϕeþe− decay—Figure 4 presents a summary

of the measured B0
s → ϕeþe− branching fraction

from this Letter, compared with that of the B0
s →

ϕμþμ− decay [4] and predictions based on the SM
extracted from Ref. [77] with uncertainties following
Refs. [6,80,81].

FIG. 3. Mass distributions of selected B0
s → ϕμþμ− candidates in the (top left) low-, (top right) central-, (bottom left) high-q2, and

(bottom right) J=ψ bins. The data are summed over the three run periods and are compared with the result of the fit described in the text.

FIG. 4. Differential branching fraction of the B0
s → ϕeþe−

decay in bins of q2, compared with measurements from B0
s →

ϕμþμ− decays in Ref. [4] and SM predictions from FLAVIO [77]
using form factors calculated with light-cone sum-rule [6] and
lattice QCD techniques [80,81].
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