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Electroweak penguin decays proceed via favour changing neutral currents, which are heavily
(loop-)suppressed in the Standard Model (SM). They therefore constitute sensitive probes for new
heavy particles beyond the SM that can give significant virtual contributions. These contributions
can modify branching fractions and angular observables of rare b → s`+`− decays. Recent
measurements in this area have shown tensions with SM predictions, which are colloquially
referred to as flavour anomalies. These proceedings discuss the status of the anomalies in rare
b→ sµ+µ− decays, focusing on the latest measurements by the LHCb collaboration.
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1. Introduction

Electroweak penguin decays of b-hadrons proceed via flavour changing neutral currents and
are therefore forbidden at the tree-level in the Standard Model (SM). At lowest perturbative order,
rare b→ s`+`− decays are allowed through penguin- and box-diagrams and are therefore both loop-
and CKM-suppressed. They thus constitute rare processes, to which new, heavy particles in SM
extensions can give significant virtual contributions. These contributions can change decay rates
and rate asymmetries, as well as angular distributions of final state particles.

Several tensions with SM predictions have appeared in the area of rare b→ s`+`− decays, most
notably in measurements of branching fractions [1–5], angular analyses [6–9], and tests of lepton
universality [10–13], for which particularly clean SM predictions are available. These proceedings
discuss themost recent measurements of branching fractions and angular observables in b→ sµ+µ−

decays, with particular focus on the latest results from the LHCb collaboration.

2. Decay rates

Measurements of the branching fractions of b → sµ+µ− decays have been found to consis-
tently lie below the SM predictions for B+→ K+µ+µ−, B0→ K0

S µ
+µ− [5], B0→ K∗0µ+µ− [2],

B+→ K∗+µ+µ− [5] and B0
s → φµ+µ− decays [1, 3]. These tensions range from 1–3 standard

deviations (σ), depending on the decay mode and assumptions on the hadronic uncertainties of the
SM prediction from non-perturbative form factor calculations and contributions from the so-called
charm-loop.

2.1 B0
s→ φµ+µ−

One of the most significant deviations is found for the branching fraction of the decay
B0
s→ φµ+µ− [1, 3]. An analysis using the LHC Run 1 data found the branching fraction to

be below the SM prediction at the level of 3σ. Recently, an updated analysis using the full Run 1
and 2 data sample of the LHCb experiment, corresponding to an integrated luminosity of 9 fb−1, has
been published [1]. The analysis reconstructs the decay using the final state φ(→ K+K−)µ+µ− and
determines the B0

s→ φµ+µ− branching fraction in several ranges of q2, the invariant mass of the
dimuon system squared. The q2 regions 8.0 < q2 < 11.0 GeV2/c4 and 12.5 < q2 < 15.0 GeV2/c4

contain the tree-level charmonium decays B0
s → J/ψ (→ µ+µ−)φ and B0

s → ψ(2S)(→ µ+µ−)φ
which dominate the rare signal mode in these ranges and are therefore vetoed. These decays how-
ever constitute important control modes and the decay B0

s→ J/ψ φ is used for normalisation. The
differential branching fraction for the rare signal decay B0

s→ φµ+µ− in the q2 range [q2
min,q

2
max] is

calculated according to

dB(B0
s→ φµ+µ−)

dq2 =
B(B0

s→ J/ψ φ) × B(J/ψ→ µ+µ−)

q2
max − q2

min
×

Nφµ+µ−

NJ/ψφ
×

εJ/ψφ

εφµ+µ−
, (1)

where Nφµµ and NJ/ψφ denote the yields of signal and normalisation mode, and εφµµ and εJ/ψφ
their respective efficiencies. As normalisation mode and signal decay have an identical final state,
many experimental systematic effects cancel in the efficiency ratio. Figure 1 (left) shows the signal
candidates integrated over q2 and the different data taking periods. In total 2006 ± 53 signal
candidates are found. Figure 1 (right) shows the differential branching fraction, overlaid with
SM predictions from Light Cone Sum Rules (LCSRs) at low q2 [14–16] and Lattice calculations
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Figure 1: (Left) Reconstructed B0
s mass for B0

s→ φµ+µ− signal candidates integrated over the full q2 range
0.1 < q2 < 18.9 GeV2/c4, overlaid with the fit projections. (Right) Differential branching fraction of the
signal decay B0

s→ φµ+µ−, depending on q2, overlaid with SM predictions [14–18].
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Figure 2: Reconstructed invariant mass of (left) the K+K−µ+µ− system and (right) the K+K− system in the
B0
s signal region ±50 MeV/c2 around the known B0

s mass, overlaid with the fit projections.

(LQCD) at high q2 [17, 18]. In the q2 range 1.1 < q2 < 6.0 GeV2/c4, the differential branching
fraction of (2.88 ± 0.22) × 10−8 GeV2/c4 is found to lie 3.6σ below a precise SM prediction of
(5.37 ± 0.66) × 10−8 GeV2/c4 which uses a combination of LCSR and LQCD calculations. A less
precise SM prediction of (4.77 ± 1.01) × 10−8 GeV2/c4 based on LCSRs alone lies 1.8σ above the
measurement.

2.2 B0
s→ f ′2 (1525)µ+µ−

In addition to the measurement of B0
s→ φµ+µ−, Ref. [1] also reports the first observation of the

decay B0
s→ f ′2 (1525)(→ K+K−)µ+µ−. A two-dimensional fit in the reconstructed invariant mass

of the K+K−µ+µ− and the K+K− system is performed to separate the f ′2 signal from S- and P-wave
contributions. Figure 2 shows the signal candidates, overlaid with the fit projections. Integrated
over q2 the fit finds 290 ± 36 signal candidates in total. The statistical significance of the signal,
determined using Wilks’ theorem, is found to be 9σ. The total branching fraction is determined to
be B(B0

s→ f2µ+µ−) = (1.57 ± 0.19 ± 0.12) × 10−7, in agreement with SM predictions [19–21].

3. Angular analyses

3.1 B0→ K∗0µ+µ−

The rare decay B0→ K∗0(→ K+π−)µ+µ− allows access to many angular observables sensitive
to New Physics (NP) contributions. The CP-averaged differential decay rate in a bin of q2, and
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Figure 3: (Left) Forward-backward asymmetry AFB and (right) less form-factor dependent observable P′5
from the decay B0→ K∗0µ+µ− [8], together with SM predictions from Refs. [14, 15, 24, 25].

depending on the three decay angles cos θ` , cos θK and φ, is given by [22]

1
d(Γ + Γ̄)/dq2

d3(Γ + Γ̄)

d cos θ`d cos θKdφ
=

9
32π

[ 3
4 (1 − FL) sin2 θK + FL cos2 θK +

1
4 (1 − FL) sin2 θK cos 2θ`

− FL cos2 θK cos 2θ` + S3 sin2 θK sin2 θ` cos 2φ
+ S4 sin 2θK sin 2θ` cos φ + S5 sin 2θK sin θ` cos φ
+ 4

3 AFB sin2 θK cos θ` + S7 sin 2θK sin θ` sin φ
+ S8 sin 2θK sin 2θ` sin φ + S9 sin2 θK sin2 θ` sin 2φ

]
. (2)

Here, FL denotes the longitudinal polarisation fraction, and AFB the forward-backward asymmetry.
The LHCb collaboration has measured the full set of angular observables using the Run 1 and
2016 data sample corresponding to an integrated luminosity of 4.7 fb−1 [8]. In addition, the LHCb
collaboration has also determined the less form-factor dependent observables P(′)i , proposed in
Ref. [23], forwhich the hadronic form factor uncertainties cancel at leading order. Figure 3 shows the
observable AFB and P′5 = S5/

√
FL(1 − FL), together with SM predictions fromRefs. [14, 15, 24, 25].

In the q2 regions 4 < q2 < 6 GeV2/c4 and 6 < q2 < 8 GeV2/c4 local tensions with the SM prediction
corresponding 2.5 and 2.9σ are found for the observable P′5. The global significance of the tension
is found to correspond to 3.3σ, depending on the q2 range used and assumptions on hadronic
uncertainties [8].

3.2 B+→ K∗+µ+µ−

The decay B+→ K∗+µ+µ− is the isospin partner of the mode B0→ K∗0µ+µ− and allows access
to the same angular observables. The LHCb collaboration has performed the first measurement of
the full set ofCP-averaged angular observables using the full Run 1 and 2 data sample, corresponding
to 9 fb−1 [7]. The K∗+ meson is reconstructed in the K0

S (→ π+π−)π+ final state. Figure 4 shows
the resulting angular observables P2 =

2
3 AFB/(1 − FL) and P′5, overlaid with SM predictions from

Refs. [14, 15, 17, 18, 25–27]. The largest local discrepancy with the SM prediction is found for P2

in the q2 range 6 < q2 < 8 GeV2/c4, corresponding to 3.0σ. Overall, the pattern of deviations in
P2 (AFB) and P′5 broadly agrees with the tensions observed in B0→ K∗0µ+µ−.
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Figure 4: Angular observables with reduced form-factor dependence(left) P2 =
2
3 AFB/(1 − FL) and (right)

P′5 determined using the decay B+→ K∗+µ+µ− [7], overlaid with SM predictions [14, 15, 17, 18, 25–27].
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Figure 5: CP-averaged angular observables FL and S4 from the rare decay B0
s→ φµ+µ− [6], overlaid with

SM predictions [14, 16–18].

3.3 B0
s→ φµ+µ−

In contrast to the decays B0 → K∗0µ+µ− and B+→ K∗+µ+µ−, the final state of the decay
B0
s → φ(→ K+K−)µ+µ− is not flavour-specific. In an untagged angular analysis only a reduced

set of observables is therefore accessible; the CP-averaged observables FL and S3,4,7, and the CP-
asymmetries ACP

FB and A5,8,9 (which replace the observables AFB and S5,8,9 in Eq. 2). The LHCb
collaboration has recently performed an updated angular analysis using data corresponding to an
integrated luminosity of 8.4 fb−1 [6]. The CP-averaged observables FL and S4 are shown in Fig. 5.
Overall good agreement with the SM predictions [14, 16–18] is found, with some mild tension in
FL at low q2. The CP-asymmetries are found to be consistent with zero, in good agreement with
the SM expectation.

4. Interpretation

Experimental data on rare b→ sµ+µ− decays can be interpreted in the framework of effective
field theory. The angular observables discussed in these proceedings can be used to determine the
effective b → s`+`− couplings, the Wilson coefficients. For the angular analyses of the decays
B0→ K∗0µ+µ−, B+→ K∗+µ+µ− and B0

s → φµ+µ− the Flavio flavour software [16] is used to
determine the Wilson coefficient Re(C9), the bsµµ vector-coupling. Figure 6 shows the resulting
shift ofRe(C9) from its SM value. The measurements result in a consistent negative shift ofRe(C9),

5



P
o
S
(
E
P
S
-
H
E
P
2
0
2
1
)
5
6
1

Electroweak penguin decays at LHCb Christoph Langenbruch

−2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0 1.5 2.0

∆Re(C9)

0

5

10

15

20

25

30

35
−

2∆
lo

gL

flavio v2.0.0

LHCb

Run 1

2016

Run 1 + 2016

−4 −3 −2 −1 0 1 2
∆Re(C9)

0

5

10

15

20

25

−
2∆

lo
gL

flavio v2.0.0LHCb 9 fb−1

B+ → K∗+µ+µ−

−4 −3 −2 −1 0 1 2

∆Re(C9)

0

2

4

6

8

10

12

14

16

18

−
2∆

lo
gL

flavio v2.2.0

LHCb

B0
s → φµ+µ− (FL, S3,4,7) 8.4fb−1

Figure 6: Fit of a shift of the Wilson coefficient Re(C9) from its SM value using the angular observables
from the decays (left) B0→ K∗0µ+µ−, (centre) B+→ K∗+µ+µ−, and (right) B0

s→ φµ+µ− [6–8] using the
Flavio flavour software [16].

which is preferred over the SM hypothesis by 2–3σ. It should be noted that the significance of
the tensions depends on assumption on hadronic uncertainties due to the contribution from the
charm-loop, which are currently under discussion [28–32]. Combining all available experimental
data on b → sµ+µ− transitions with measurements of the theoretically clean lepton universality
tests results in tensions corresponding to 5–6σ [33–35]. Consistent NP explanations of the flavour
anomalies in rare decays are available for example in the form of new heavy gauge bosons (e.g.
Refs. [36–39]) and leptoquarks (e.g. Refs. [40–43]).

5. Conclusions

Recent measurements of branching fractions and angular observables in b→ sµ+µ− decays
presented in these proceedings have shown tensions with SM predictions. Together with the tests
of lepton universality in b→ s`+`− transitions these tensions constitute the flavour anomalies in
rare decays. Consistent interpretations of the anomalies in the framework of effective field theory
are possible and several potential explanations in the terms of NP models have been proposed.

The experimental measurements in rare b-hadron decays are generally statistically dominated.
The large data samples that will be available in the LHCb upgrade(s) will therefore allow for
unprecedented precision in the measurements of b→ s`+`− decays. Independent clarification of
the anomalies is also expected from future measurements by the Belle II experiment.
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