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The flavour sector of the Standard Model (SM) exhibits striking hierarchies whose origin remain
unexplained, making precision flavour physics a powerful probe of physics beyond the SM. In
particular, tests of lepton-flavour universality (LFU) and charged lepton–flavour violation (cLFV)
in flavour-changing neutral currents processes offer exceptionally clean and sensitive avenues for
discovering new physics (NP), as the SM contributions for these observables are theoretically well
controlled. These proceedings present a series of recent measurements from the LHCb experiment
based on the full Run 1 and Run 2 datasets of 9 fb−1 of 𝑝𝑝 collisions. These include LFU tests
in rare 𝑏→𝑠ℓ+ℓ− transitions for previously unmeasured 𝐵-decays, including 𝐵0

𝑠→𝜙(1020)ℓ+ℓ−

and 𝐵+ → 𝐾+𝜋−𝜋+ℓ+ℓ− decays, as well as in previously unexplored kinematic region using
𝐵+→𝐾+ℓ+ℓ− decays. These analyses achieve improved precision and include first observations of
the 𝐵0

𝑠→𝜙(1020)𝑒+𝑒− and 𝐵+ → 𝐾+𝜋−𝜋+𝑒+𝑒− decays, as well as the most precise determination
of 𝑅𝐾 at high di-lepton invariant mass. All LFU measurements are consistent with the SM
expectation within uncertainties. In addition, LHCb reports the world’s most stringent limits on
cLFV in 𝑏 → 𝑠𝜏𝑒 transitions through the search for 𝐵 → 𝐾∗𝜏±𝑒∓ decays, superseding previous
constraints. Together, these results demonstrate the breadth and sensitivity of LHCb’s flavour-
physics programme. With the onset of Run 3 and its upgraded trigger and higher luminosity,
LHCb is poised to deliver an expanded set of precision tests and searches that will continue
placing stringent constraints of NP models.
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1. Introduction

The flavour structure of the Standard Model (SM) is characterised by a multitude of free
parameters governing quark transitions and fermion masses. These parameters display a striking
hierarchical pattern that is tightly linked to the Higgs sector. The absence of any first-principles
explanation for these patterns is known as the flavour problem, and it is one of the indications that
the SM is incomplete. Therefore, understanding the SM flavour structure is essential for guiding
extensions of the theory [1–5].

When viewed as an effective field theory, the SM Lagrangian exhibits global flavour symmetries
that can be interpreted as accidental, since they arise automatically as indirect consequences of
the SM field content and gauge symmetries. Examples include lepton number, which is broken
by dimension-five SMEFT operators generating neutrino masses making the SM lepton-flavour-
violating processes extremely rare, and lepton-flavour universality, which holds approximately
because Yukawa couplings are much smaller than weak gauge couplings. Any sizeable violation
of these accidental symmetries would be a clear indication of NP. In this context, flavour-changing
neutral currents (FCNCs) are particularly powerful NP probes. Within the Standard Model, FCNC
processes are loop and CKM suppressed transitions, and are therefore extremely rare. This strong
suppression makes them highly sensitive to potential contributions from virtual NP particles,
whose interference with the SM amplitudes could manifest as observable deviations in decay rates
or angular distributions. As a result, FCNC observables can probe NP scales far beyond the
reach of direct searches, offering complementary and often orthogonal information. In particular,
if FCNCs are initiated by a 𝑏−quark as in 𝑏 → 𝑠ℓℓ transitions, they probe flavour transitions
from the third generation to both the second and the first, enriching the type of transitions that
can be observed from these decays. Moreover, 𝑏−meson systems have relatively long lifetimes,
allowing them to form quasi-stable bound states that typically travel a measurable distance (of
order a millimetre) before decaying. This displaced decay topology makes them comparatively
easier to identify experimentally. Over the past decade, measurements of processes governed by
𝑏 → 𝑠ℓℓ transitions have seen the emergence of a coherent set of discrepancies [6–11] with respect
to the SM predictions. However, their interpretation in terms of NP is undermined by potentially
underestimated uncertainties on contaminating charmloop processes, whereby the same final state
is obtained via a tree-level 𝑏 → 𝑠𝑐𝑐 transition [12–14].

Observables sensitive to LFU violation, such as

𝑅𝑋𝑠
[𝑞2

min, 𝑞
2
max] ≡

∫ 𝑞2
max

𝑞2
min

dB(𝐻𝑏→𝑋𝑠𝜇
+𝜇−)

d𝑞2 d𝑞2

∫ 𝑞2
max

𝑞2
min

dB(𝐻𝑏→𝑋𝑠𝑒
+𝑒−)

d𝑞2 d𝑞2

. (1)

in which the decay of a 𝑏-hadron 𝐻𝑏 to a system with non-zero strangeness 𝑋𝑠 and a pair of light
leptons ℓ = 𝑒, 𝜇 in a di-lepton invariant mass (𝑞2) window are compared, and charged LFV (cLFV)
searches, are precise SM tests as their prediction within the SM is very clean. Since the SM
only distinguishes flavour owing to kinematic effects, and charmloop effects are LFU, the value of
LFU ratios involving ℓ = 𝑒, 𝜇 in the final state are expected to be unity up to percent level QED
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corrections [15, 16]. As far as cLFV processes is concerned, the competing SM processes have a
very precise prediction of order 10−50 [17], and therefore their measurement consists of null tests of
the SM. The results presented in these proceedings are LFU tests and searches for cLFV performed
with processes governed by underlying 𝑏 → 𝑠ℓℓ (

′ ) transitions obtained from a total of 9 fb−1 of 𝑝𝑝
collision data collected at the LHCb experiment during Run1 and Run2 data taking periods.

2. Common experimental aspects of LFU ratios with light leptons:

LFU tests with light leptons at LHCb are challenging because electrons and muons are detected
with different trigger and PID strategies, which are motivated by the different occupancies of the
dedicated sub-detector systems. Electrons also undergo substantial bremsstrahlung energy loss,
which is mitigated by a recovery algorithm that associates ECAL photon clusters to the electron
track, but still resulting in poorer mass resolution and lower reconstruction efficiency than for
muons. To control these e-𝜇 detection asymmetries, LFU ratios are performed as a double ratio of
branching fractions with respect to the corresponding resonant decay mode, which proceeds via a
tree-level 𝑐𝑐 resonance.

𝑅𝑋𝑠
=

B(𝐻𝑏→𝑋𝑠𝜇
+𝜇−)

B(𝐻𝑏→𝑋𝑠𝑒
+𝑒−)

/
B(𝐻𝑏→𝑋𝑠𝐽/𝜓(𝜇+𝜇−))
B(𝐻𝑏→𝑋𝑠𝐽/𝜓(𝑒+𝑒−))︸                          ︷︷                          ︸

𝑟
𝑋𝑠
𝐽/𝜓

(2)

Where rare and resonant modes are selected in the appropriate 𝑞2 regions. The ingredients to
a LFU ratio are the yields of the relevant modes, extracted from fits to the reconstructed 𝐵-
mass spectra, and the efficiencies to select them, determined from simulation. Not only resonant
channels offer a standard experimental candle, as they are expected to be LFU to less than one
percent [18], but also they are used to correct the imperfections in simulated samples (e.g. decay
product kinematics and ECAL response), thanks to their large kinematic overlap with the signal.
This strategy leads to sizeable suppression of the systematic biases in the efficiencies arising from
the different technologies used to detect the final states particles. This procedure is validated by
performing a double ratio, 𝑅𝑋𝑠

𝜓 (2𝑆) , of two LFU normalisation modes:

𝑅
𝑋𝑠

𝜓 (2𝑆) =
B(𝐻𝑏→𝑋𝑠𝜓(2𝑆) (𝜇+𝜇−))
B(𝐻𝑏→𝑋𝑠𝜓(2𝑆) (𝑒+𝑒−))

/
B(𝐻𝑏→𝑋𝑠𝐽/𝜓(𝜇+𝜇−))
B(𝐻𝑏→𝑋𝑠𝐽/𝜓(𝑒+𝑒−))

(3)

The consistency of 𝑅𝑋𝑠

𝜓 (2𝑆) with the SM expectation of unity is an important validation of the
portability of the efficiency corrections derived at 𝑞2 ∼ 𝑚2

𝐽/𝜓 to different kinematic regions. The
latest results on LFU probes from LHCb are in agreement with the SM prediction of unity [19],
nonetheless it is crucial to complement the available information with more measurements, both in
new kinematic regions and involving different initial and final states.

3. Test of LFU with 𝐵0
𝑠→𝜙(1020)ℓ+ℓ− decays

The LHCb collaboration measured the first LFU test in 𝐵0
𝑠 decays, 𝑅𝜙 [20], which corresponds

to Eq. 2 where 𝐻𝑏 = 𝐵0
𝑠 and 𝑋𝑠 = 𝜙(1020). This measurement has been performed in three
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different 𝑞2 regions (see Tab 1) and among these, for the first time an LFU ratio was measured in the
high di-lepton invariant mass region. This measurement profits from the narrow 𝜙(1020) width to
significantly reduce backgrounds. Residual pollution from misidentified (misID) 𝐵0 → 𝐾∗0(𝐾𝜋)ℓℓ
and Λ0

𝑏
→ 𝑝𝐾ℓℓ decays are brought to negligible levels by PID requirements, while decays with an

intermediate 𝐷𝑠 meson, such as 𝐵0
𝑠 → 𝐷−

𝑠 (𝜙𝜋)ℓ+𝜈̄ and 𝐵0
𝑠 → 𝐷−

𝑠 (𝜙𝜋)𝜋, are removed by rejecting
candidates where the invariant mass of the 𝜙ℓ pair is consistent with that of a 𝐷𝑠 meson [18],
once the lepton has been assigned the pion mass hypothesis. Combinatorial background, whereby
tracks are randomly combined to form a 𝐵0

𝑠 candidate, is reduced by means of a BDT classifier
while data driven control samples are employed to parametrise contamination and shape of the
expected misID ℎ → 𝑒 contributions. In the high-𝑞2 region, the electron channel is polluted by
additional background from charmonium resonances with incorrectly added bremsstrahlung (e.g.
𝐵0
𝑠 → 𝐽/𝜓𝜙, 𝐵0

𝑠 → 𝜓(2𝑆)𝜙). These background contributions are reduced by means of a dedicated
BDT. The signal yields in each 𝑞2 region are extracted from unbinned maximum-likelihood fits to
the reconstructed 𝐵-mass, while the efficiencies are obtained from simulated samples, which are
calibrated using control modes data. The closure tests with the corresponding resonant modes are
measured to be consistent with unity, yielding 𝑟 𝜙

𝐽/𝜓 = 0.997 ± 0.013 and 𝑅𝜙
𝜓 (2𝑆) = 1.010 ± 0.026.

The results for 𝑅𝜙 are summarised in Tab. 1.

𝑞2 [GeV2/c4] 𝑅−1
𝜙

dB(𝐵0
𝑠 → 𝜙(1020)𝑒+𝑒−)/d𝑞2 [10−7GeV−2c4]

0.1 < 𝑞2 < 1.1 1.57+0.28
−0.25 ± 0.05 1.38+0.25

−0.22 ± 0.04 ± 0.19 ± 0.06
1.1 < 𝑞2 < 6.0 0.91+0.20

−0.19 ± 0.05 0.26 ± 0.06 ± 0.01 ± 0.01
15.0 < 𝑞2 < 19.0 0.85+0.24

−0.23 ± 0.10 0.39 ± 0.11 ± 0.04 ± 0.02 ± 0.02

Table 1: Measurements of 𝑅−1
𝜙

and B(𝐵0
𝑠 → 𝜙(1020)𝑒+𝑒−)/d𝑞2 in the low, central and high-𝑞2 bins. The

first uncertainty is statistical, the second are systematic, and the remaining ones are due to external inputs
[20].

The systematic uncertainty on 𝑅𝜙 is driven by the misID background estimate. This result is
combined with the differential branching fraction of 𝐵0

𝑠→𝜙(1020)𝜇+𝜇− [10] to obtain the branching
fraction measurement of 𝐵0

𝑠→𝜙(1020)𝑒+𝑒− in bins of 𝑞2. The low and central 𝑞2 results consist
of the first observation and branching fraction measurement of these decays. Given that the
measured 𝑅𝜙 value are compatible with the SM expectation of LFU within uncertainties, the
𝐵0
𝑠→𝜙(1020)𝑒+𝑒− branching fraction is compatible with the muon equivalent, and both lie below

the SM prediction.

4. Test of LFU with 𝐵+ → 𝐾+𝜋−𝜋+ℓ+ℓ− decays

Recently LHCb also reported the first LFU test in rare 𝐵+ → 𝐾+𝜋−𝜋+ℓ+ℓ− decays, 𝑅𝐾 𝜋𝜋 ,
which is defined from which Eq. 2 where 𝐻𝑏 = 𝐵+ and 𝑋𝑠 = 𝐾𝜋𝜋. The 𝐾𝜋𝜋 hadronic system is
known to contain a rich mixture of resonances such as 𝐾1(1270)+ and 𝐾1(1400)+, which however,
are not specifically identified in this analysis, and are therefore treated inclusively within the 𝐾𝜋𝜋
mass range of [1.1, 2.4] GeV/c2. It has been shown that the LFU observables constructed from
such decays can be interpreted in the effective field theory framework [21], and thus provide valid
constraints on possible extensions of the SM. In this analysis, charmed-meson backgrounds, such
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as 𝐵+ → 𝐷̄0(→ 𝐾+𝜋−)𝜋+𝜋−𝜋+ and 𝐵+ → 𝐷− (→ 𝐾+𝜋−𝜋−)𝜋+𝜋+, are removed by rejecting
candidates where the invariant mass of the possible intermediate 𝐷 mesons is close to the known 𝐷
mass [18], after assigning the pion mass hypothesis to the lepton tracks. Leakage from charmonium
resonant decays is reduced by excluding candidates for which the 𝐵 mass, when reconstructed
constraining the di-lepton mass to the known 𝐽/𝜓 mass [18], is compatible with that of a 𝐵+ meson.
Partially reconstructed decays are parametrised using an Argus-plus-Gaussian function extracted
from a region dominated by such backgrounds, while contribution from ℎ → 𝑒misID are controlled
by constructing a misID-enriched sample using inverted PID cuts and weighting events with data-
driven misID rates. The LFU ratios involving the resonant modes are in agreement with unity,
measuring 𝑟𝐾 𝜋𝜋

𝐽/𝜓 = 1.033 ± 0.017 and 𝑅𝐾 𝜋𝜋
𝜓 (2𝑆) = 1.040 ± 0.030. Signal and resonant mode yields

are extracted from simultaneous unbinned maximum-likelihood fits to the 𝐵 mass. This constitutes
the first observation of the 𝐵+ → 𝐾+𝜋−𝜋+𝑒+𝑒− decay, with a significance exceeding 10𝜎. The
associated LFU observable, 𝑅𝐾 𝜋𝜋 is measured to be [22]:

𝑅−1
𝐾 𝜋𝜋 = 1.31+0.18

−0.17 (stat)+0.12
−0.09 (syst) (4)

which is compatible with the SM expectation of unity within 1.7𝜎. The result is statistically limited,
with systematic uncertainties dominated by the modeling of the 𝐾𝜋𝜋 phase-space, and the treatment
of hadron misidentification in the electron channel.

5. Test of LFU with 𝐵+ → 𝐾+ℓ+ℓ− decays in the high di-lepton invariant mass
region

The most precise measurement of a LFU ratio in the region of high di-lepton invariant mass was
recently performed by LHCb. This was obtained measuring the 𝑅𝐾 observable, which corresponds
to Eq. 2 where 𝐻𝑏 = 𝐵+ and 𝑋𝑠 = 𝐾+. Measurements in this kinematic region region are affected
by several sources of complexity associated to the determination of the electron efficiency corrected
yields. Backgrounds from charmonium resonances, when bremsstrahlung radiation is erroneously
added to the dielectron pair, leak in the large 𝑞2 kinematic region. This is dealt by pursuing a
high purity strategy and rejecting those events for which the di-lepton invariant mass, before any
bremsstrahlung radiation has been added to the electron momenta, is greater than the mass of the
𝜓(2𝑆) resonance. Following this approach has also the advantage of significantly reducing ℎ → 𝑒

misidentified backgrounds from 𝐵+ → 𝐾+𝐾−𝐾+ or 𝐵+ → 𝐾+𝜋−𝜋+, as the Dalitz structure of these
decays is concentrated in the kinematic region removed by this cut.

The 𝑞2 region probed by this measurement is populated by broader open charm resonances,
and is affected by the interference with the upper tail of the 𝜓(2𝑆) resonance, both of which are
not precisely known. In order to minimise the dependence of the modeling of such effects on the
electron signal efficiency calculation, which would cause a significant bias on 𝑅𝐾 , a reweighting
procedure is applied on the 𝑞2 distribution of simulated samples. Another challenge is posed by the
description of the sculpting induced on the combinatorial background component from the high-𝑞2

requirement and phase-space constraints. This is tackled by modeling the warping on the combi-
natorial background with a physics-informed shape. This reduces the number of free parameters
needed to describe this background, increasing the precision on the measured 𝑅𝐾 value. The combi-
natorial model is validated by constructing a control sample enriched in combinatorial background
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inverting the dedicated BDT requirement. Semileptonic 𝑏 → 𝑐 decays followed by the subsequent
decay of an intermediate charm meson are rejected by vetoes on the combined invariant mass of
the 𝐾+ℓ− pair with the lepton track being given both lepton and pion mass hypotheses, when it is
compatible with the known 𝐷0 mass [18]. Closure tests on the ratio of efficiencies and their porta-
bility to different 𝑞2 regions are performed, yielding 𝑟𝐾

𝐽/𝜓 = 0.997 ± 0.003 (stat) ± 0.055 (syst)
and 𝑅𝐾

𝜓 (2𝑆) = 1.002 ± 0.009 (stat) ± 0.004 (syst) . Signal yields are extracted from unbinned
maximum-likelihood fits to the 𝐵-mass spectrum, while efficiencies are derived from calibrated
simulation. The value of 𝑅𝐾 in high-𝑞2 is measured to be [23]:

𝑅𝐾 = 1.08+0.11
−0.09 (stat)+0.04

−0.04 (syst) (5)

The result is statistically limited with systematic uncertainties driven by the partially reconstructed
and misidentified backgrounds contamination in the signal.

6. Search for cLFV 𝐵0 → 𝐾∗(892)0𝜏±𝑒∓ decays

Within the SM, lepton flavour is conserved in tree level processes. However, neutral LFV
is observed in neutrino mass oscillations, leading to non-zero charged LFV, with SM branching
fractions that are several orders of magnitude lower than any experimental sensitivity [24]. LHCb
has conducted searches for cLFV processes with 𝜇𝑒 [25, 26] and 𝜇𝜏 [27, 28] final states, while
𝜏𝑒 final states were only previosly explored at Belle [29, 30]. Recently LHCb has set the most
stringent constraints on 𝑏 → 𝑠𝜏𝑒 processes searching for the 𝐵0 → 𝐾∗(892)0𝜏±𝑒∓ decay [31].
The signal 𝜏 is reconstructed in 𝜋±𝜋∓𝜋±𝜈𝜏 and 𝜋±𝜋∓𝜋±𝜋0𝜈𝜏 final states, where the 𝜋0 is not
reconstructed. To compensate for the degradation in 𝐵 mass resolution caused by the missing
neutrino and 𝜋0 momentum, the mass variable used to search for this signal is computed from
a kinematic fit with constraints on the topology of the decay and on the reconstructed 𝜏 mass.
In this analysis 𝐵0 → 𝐷− (𝐾+𝜋−𝜋−)𝐷+

𝑠 (𝐾+𝐾−𝑝𝑖+) decays are used as normalisation channels
and to correct simulation mismodeling of the efficiencies. The different charge configuration
of 𝐾±𝑒± and 𝐾±𝑒∓ are treated independently as these channels could be affected differently by
extensions of the SM, as well as by different background sources. The resulting upper limits
ofB(𝐵0 → 𝐾∗(892)0𝜏+𝑒−) < 4.9(5.9) × 10−6 andB(𝐵0 → 𝐾∗(892)0𝜏−𝑒+) < 5.9(7.1) × 10−6 at
90(95%) confidence level [31] are the most stringent to date.

7. Conclusions

The LHCb experiment is pushing the boundaries of our understanding of the SM by rigorously
testing its accidental flavour symmetries. Recent results include world-leading measurements
of LFU observables in 𝑏→𝑠ℓ+ℓ− decays—extending coverage to new hadronic final states and
previously unexplored kinematic regions—as well as the most stringent limits to date on cLFV in
𝑏 → 𝑠𝜏𝑒 transitions. With the Run 3 dataset—enabled by a fully upgraded trigger system and
unprecedented luminosity—LHCb is poised for new searches, possibly first observations, and even
more stringent tests of the SM.
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