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The coupling of the electroweak gauge bosons in the Standard Model is lepton flavour universal.
Rare semileptonic b→ s`+`− decays constitute sensitive probes for New Physics models that vi-
olate lepton flavour universality. Of particular interest are measurements of the branching fraction
ratios RK(∗) =B(B→K(∗)µ+µ−)/B(B→K(∗)e+e−) which show some tension with the precise
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lepton flavour universality tests in rare b→ s`+`− decays.
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1. Introduction

Lepton flavour universality is a central property of the Standard Model (SM), and is well
established in decays of mesons [1, 2, 3], τ leptons [4, 5] and Z bosons [6]. Any clear deviation
from the precise SM prediction would be an unambiguous sign of New Physics beyond the SM.

Rare semileptonic b→ s`+`− decays are particularly interesting systems to study lepton uni-
versality, as they are forbidden at tree-level in the SM and only allowed at higher order, as shown
in Fig. 1. New heavy particles predicted in models beyond the SM (e. g. leptoquarks or new heavy
gauge bosons with potentially non-lepton universal couplings) could therefore give significant con-
tributions to these processes.
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Figure 1: (Left) b→ s`+`− decays are only allowed at loop-order in the SM. (Right) leptoquarks constitute
a potential contribution to b→ s`+`− decays beyond the SM.

The LHCb experiment is optimised for the study of rare decays of heavy flavour hadrons and
CP violation and is thus ideally suited for lepton universality tests in b→ s`+`− decays. The large
bb̄ production cross section at the LHC combined with the high efficiency of the LHCb trigger
system provide large samples of rare heavy flavour decays. Furthermore, the excellent tracking and
particle identification capabilities of the LHCb detector result in high reconstruction efficiencies.
These proceedings summarise the latest results on lepton flavour universality tests from the LHCb
experiment using data corresponding to an integrated luminosity of up to 5fb−1 collected during
the LHC Run 1 and 2.

2. Lepton flavour universality test RK

The measurement of the branching fraction ratio RK =B(B+→K+µ+µ−)/B(B+→K+e+e−)
constitutes a sensitive test of lepton universality. In the q2 region 1.1 < q2 < 6.0GeV2/c4, where
q2 is given by the invariant mass of the dilepton system squared q2 = m2(`+`−), the SM predicts
RK to be unity. In particular hadronic uncertainties from form-factors and charm-loop contributions
cancel in the ratio, and QED corrections do not exceed the level of O(1%) [7].

LHCb determines RK using data corresponding to 3fb−1 taken during LHC Run 1 at
√

s = 7
and 8TeV and 2fb−1 taken during Run 2 at

√
s = 13TeV [8]. Experimentally, RK is measured
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using the double ratio with the tree-level decays B+→ K+J/ψ(→ `+`−) according to

RK =
B(B+→ K+µ+µ−)

B(B+→ K+J/ψ(→ µ+µ−))

/
B(B+→ K+e+e−)

B(B+→ K+J/ψ(→ e+e−))

=
N(B+→ K+µ+µ−)

N(B+→ K+J/ψ(→ µ+µ−))
× ε(B+→ K+J/ψ(→ µ+µ−))

ε(B+→ K+µ+µ−)

× N(B+→ K+J/ψ(→ e+e−))
N(B+→ K+e+e−)

× ε(B+→ K+e+e−)
ε(B+→ K+J/ψ(→ e+e−))

, (2.1)

where ε(B+→ K+`+`−) and ε(B+→ K+J/ψ(→ `+`−)) denote the efficiencies for rare and tree-
level decay and N(B+→ K+`+`−) and N(B+→ K+J/ψ(→ `+`−)) the corresponding yields. The
double ratio is experimentally advantageous as most systematic effects impact the efficiencies of
the rare b→ s`+`− decay and the corresponding tree-level decay similarly, and thus systematic
uncertainties largely cancel in the ratio. This is because the final state kinematics of the rare and
tree-level decays are similar as both are strongly boosted in the laboratory frame at LHCb. The effi-
ciencies in Eq. 2.1 are determined using simulation and controlled and corrected using data-driven
techniques. Trigger efficiencies, B kinematics and mass resolutions are controlled and corrected
using the B+ → K+J/ψ control mode, and particle identification performance is corrected using
high statistics control samples (e.g. D∗0→ D−π+).

Experimentally, the reconstruction of the electron mode is more challenging due to higher
trigger thresholds for electrons and the more pronounced emission of Bremsstrahlung, which dete-
riorates the resolution of the reconstructed e± momenta. Figure 2 illustrates the different impact of
Bremsstrahlung on q2 and m(K+`+`−) for the dimuon and dielectron final states.
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Figure 2: Reconstructed B+ mass vs. q2 for (left) the K+µ+µ− final state and (right) the K+e+e− final
state. The tree-level decays B+ → K+J/ψ (B+ → K+ψ(2S)) are clearly visible as peaks centred around
the known B+ mass and q2 = m2(J/ψ) (q2 = m2(ψ(2S))). The rare decays are as visible as vertical bands.
The electron modes exhibit worse resolutions compared to the muonic modes due to the more pronounced
emission of Bremsstrahlung.

The B+→ K+J/ψ control mode is also used for the important cross-check via the single ratio

rJ/ψ =
B(B+→ K+J/ψ(→ µ+µ−))
B(B+→ K+J/ψ(→ e+e−))

, (2.2)
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which is known to be unity with a precision of better than 1% [4]. As systematic uncertainties
arising from differences in reconstruction between electrons and muons do not cancel in this single
ratio, rJ/ψ constitutes a particularly stringent cross-check. The integrated value of rJ/ψ is deter-
mined to be rJ/ψ = 1.014±0.035 in excellent agreement with unity. Furthermore, rJ/ψ is found to
be flat and independent of kinematics and run period. The double ratio

Rψ(2S) =
B(B+→ K+ψ(2S)(→ µ+µ−))
B(B+→ K+J/ψ(→ µ+µ−))

/
B(B+→ K+ψ(2S)(→ e+e−))
B(B+→ K+J/ψ(→ e+e−))

(2.3)

is also found to be in good agreement with unity at Rψ(2S) = 0.986±0.013.
The reconstructed B+ mass distributions for the rare and control modes are shown in Fig. 3,

where, for the control modes, the mass of the dilepton system is constrained to the known J/ψ

mass. The fit results in yields of N(B+→ K+e+e−) = 766±48, N(B+→ K+µ+µ−) = 1943±49,
N(B+→K+J/ψ(→ e+e−))= (344.1±0.6)k, and N(B+→ K+J/ψ(→ µ+µ−)) = (1161.8±1.1)k.
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Figure 3: Reconstructed B+ mass for (top left) the rare decays B+→ K+e+e−, (top right) the rare decays
B+ → K+µ+µ−, (bottom left) the control mode B+ → K+J/ψ(→ e+e−), and (bottom right) the control
mode B+→ K+J/ψ(→ µ+µ−). For the control modes, the mass of the dilepton system is constrained to
the known J/ψ mass.

The resulting value for RK is determined to be

RK(1.1 < q2 < 6GeV2/c4) = 0.846+0.060
−0.054

+0.016
−0.014, (2.4)

where the first uncertainty is statistical and the second is systematic. The measurement is in tension
with unity at 2.5 standard deviations (σ ) [8], and compatible with and more precise than the LHCb
Run 1 result [9]. Figure 4 compares the results by LHCb [8, 9] with results from the BaBar [12]
and Belle [10, 11] collaborations which are compatible but exhibit larger uncertainties.
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Figure 4: Measurements of RK by LHCb [8, 9] in comparison with measurements by the BaBar [12] and
Belle [10, 11] collaborations.

3. Lepton flavour universality test RK∗

The observable RK∗ = B(B0→ K∗0µ+µ−)/B(B0→ K∗0e+e−) is closely related to RK . As
for RK , hadronic uncertainties cancel in the ratio and RK∗ thus constitutes a clean test of lepton
universality. LHCb measures RK∗ in two bins of q2, given by 0.045 < q2 < 1.1GeV2/c4 (low q2)
and 1.1 < q2 < 6.0GeV2/c4 (central q2), using data corresponding to an integrated luminosity of
3fb−1 collected during the LHC Run 1 [13].

The tree-level decays B0→ K∗0J/ψ(→ `+`−) are used to control and correct the efficiencies
from simulation. Furthermore, they allow the determination of the single ratio rJ/ψ = B(B0 →
K∗0J/ψ(→ µ+µ−))/B(B0→ K∗0J/ψ(→ e+e−)), which is again found to be in good agreement
with unity and flat in control variables. Figure 5 shows the distribution of the reconstructed B0

mass for the rare mode in the two bins of q2, as well as for the control modes.
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Figure 5: The reconstructed B0 mass for (top left) the rare mode B0 → K∗0µ+µ− at low q2, (top middle)
B0→ K∗0µ+µ− at central q2, (top right) the control mode B0→ K∗0J/ψ(→ µ+µ−), (bottom left) the rare
mode B0→ K∗0e+e− at low q2, (bottom middle) B0→ K∗0e+e− at central q2, and (bottom right) the control
mode B0→ K∗0J/ψ(→ e+e−).

4



P
o
S
(
B
e
a
u
t
y
2
0
1
9
)
0
3
2

Lepton flavour universality tests in rare b→ s`` decays C. Langenbruch

The numerical results for RK∗ are given by

RK∗(0.045 < q2 < 1.1GeV2/c4) = 0.66+0.11
−0.07±0.03

RK∗(1.1 < q2 < 6.0GeV2/c4) = 0.69+0.11
−0.07±0.05, (3.1)

in tension with the SM predictions [7, 14, 15, 16, 27] at 2.1–2.3σ at low q2 and 2.4–2.5σ at central
q2 [13]. Figure 6 shows the result by LHCb [13] in comparison with results from the BaBar [12]
and Belle [10, 18] collaborations.
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Figure 6: Measurement of RK∗ by LHCb [13] in comparison with measurements by the BaBar [12] and
Belle [10, 18] collaborations.

4. Interpretation

The measurements of lepton flavour universality can be combined in global fits in an effective
field theory framework. The global fits determine the effective couplings, the Wilson coefficients,
corresponding to the different operators contributing to rare b→ s`+`− decays. Figure 7 (left)
shows a fit of the effective vector and axialvector couplings C9 and C10, using as input the lepton
universality tests discussed in these proceedings [19]. Depending on the scenario, the global fit
yields a tensions of 3–4σ with the precise SM prediction. It should be noted that other global fits
showing consistent results are available, e. g. Refs. [20, 21, 22].

The measurements of RK and RK∗ are part of the so-called flavour anomalies in rare decays.
Other anomalies in the rare decays include measurements of branching fractions [23, 24, 25] and
angular distributions [26] of b→ sµ+µ− decays. Adding these measurements in global fits in-
creases the tension with the SM to the level of 5σ , as shown in Fig. 7 (right). However, it should
be noted that the SM predictions for the additional b→ sµ+µ− measurements are not as precise
as for the lepton universality tests, in particular the hadronic uncertainties associated to the charm-
loop contributions are currently under discussion [27, 28, 29, 30].

5. Conclusions and outlook

Recent results on the lepton universality tests RK and RK∗ in rare decays exhibit interesting
tensions with the precise SM predictions. Global fits of these results yield a tension with the SM at
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Figure 7: (Left) result of a global fit of the effective vector and axialvector couplings C9 and C10 using data
on lepton universality tests in rare decays, and (right) including measurements of branching fractions and
angular distributions of b→ sµ+µ− decays in addition [19].

the level of 3–4σ . Including the flavour anomalies in b→ sµ+µ− decays increases the significance
of this tension to around 5σ , however, the theory uncertainties for these observables are currently
under discussion [27, 28, 29, 30]. Consistent New Physics explanations of the anomalies in rare
decays are available in the form of leptoquarks (see e. g. Refs. [31, 32, 33, 34]) and new heavy
gauge bosons (Refs. [35, 36, 37, 38]).

The measurements of RK and RK∗ by LHCb are both statistically limited. Updates of both
measurements including the full combined Run 1 and Run 2 data set are currently ongoing and
eagerly awaited by the community. Since the conference, the measurement of RpK [39] was pre-
sented by LHCb, which probes lepton universality using inclusive Λ0

b→ pK−`+`− baryon decays.
Further tests of lepton universality are in preparation, including measurements of Rφ , RKππ and RΛ.
The large data samples available in the LHCb upgrade(s) will allow for unprecedented precision in
lepton universality tests. Independent clarification on the anomalies is also expected from future
measurements by the Belle II experiment.
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