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Electroweak-penguin decays are rare, flavour changing neutral current processes that can only take
place at loop level in the Standard Model (SM). They provide ideal laboratories for the indirect
search of beyond SM effects, as heavy new particles can participate virtually in the decay to
cause detectable deviations from theory predictions. The measurements of the properties of these
decays have revealed seemingly coherent tensions with the SM. Another group of decays used to
test the SM is that of tree-level, semileptonic b — c{v processes. Due to their large branching
fractions and manageable theoretical uncertainties, they are also sensitive probes for new physics
effects. These proceedings discuss a selected number of recent measurements made by the LHCb

collaboration in the aforementioned areas.
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1. Introduction

Electroweak-penguin decays featuring the b — s¢*¢~ quark transition are flavour changing
neutral current (FCNC) processes that can only take place at loop level in the Standard Model (SM).
They are sensitive to new physics (NP) effects, which can show up more prominently against the
low SM background. b — s¢* ¢~ processes can be described in a model-independent way using an
effective field theory (EFT) formalism, with the Hamiltonian [1, 2]
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where the Wilson coeflicients, C;, are complex numbers that encode high-energy, short-distance
contributions, and O; are the local field operators. NP effects can be incorporated as modifications
of Wilson coefficients from their SM values, i.e. C; = CiSM + Cg\lp. In recent years, measurements
of observables associated with b — s¢*{~ decays have revealed tensions with SM predictions’,
which seem to form a consistent pattern when analysed using an EFT approach (e.g. [4]).

Another group of even rarer FCNC processes are the helicity suppressed B?S) — {*{~ decays.
As their final states are purely leptonic, precise SM predictions of branching fractions can be made.
Measurements of these modes are beneficial for the elucidation of the b — s¢*¢~ anomalies.

Besides FCNC decays, charged current b — cfv processes are also promising avenues for NP
searches due to their large branching fractions and controllable theoretical uncertainties. They are
involved in tests of lepton flavour universality (LFU), some of which hint at deviation from theory
predictions.

1.1 Rare leptonic B decays

1.1.1 B?s) — utu(y)

The newest analysis of B?S) — ptu” [5, 6] uses the full set of data collected by the LHCb
detector in Run 1 (2011-2012) and Run 2 (2015-2018), corresponding to integrated luminosities
of 1, 2 and 6fb~! of proton-proton collisions at center-of-mass energies of 7, 8, and 13 TeV,
respectively. In addition, the search for the initial state radiation component of the BY — u*u~y
decay is carried out for the first time in the region my, > 4.9GeV/ c¢? without reconstructing the
photon. The branching fractions of all three modes are measured relative to two normalisation
modes (B* — J/y(— u*pu )K* and B — K*7n~) through an unbinned extended maximum-
likelihood fit. The BY — u*u~ signal is found to exceed the background-only hypothesis by
more than 10 standard deviations (o), while the statistical significance of the B° — u*u~ and
BY — u* "y contributions are compatible with the background-only hypothesis. The branching
fraction of the B mode is measured to be B(B? — utu~) = (3.09i8:3§f8:}?) x 1072, while upper
limits of B(B® — utu™) < 2.6 x 10719 and B(B? — ppy;my, > 4.9GeV/c?) < 2.0 x 107
are set for the other two modes at 95% confidence level (CL).

Besides branching fractions, another observable of interest is the effective lifetime, 7(B? —
u* u~), which provides a complementary test of the SM. It is extracted by fitting the background
subtracted decay time distribution of B’ — u*u~ candidates, and determined to be 7(B? —
) =(2.07 £ 0.29 + 0.03) ps, which is in agreement with SM prediction.

Please see [3] for a more comprehensive review of the current status.
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The decay of B?s) — eTe™ is strongly suppressed in the SM with branching fractions at the
levels of 1071 (107!3), which could be increased to 10710 (10~®) with NP contributions [7]. The
first analysis of these channels by the LHCDb collaboration [8] uses data obtained in Run 1 and part
of Run 2 (up to 2016). No observations are made. As the mass distributions of the B? and Bg modes
are highly overlapping due to limited resolution, the branching fraction limit for each is set assuming
no contribution from the other. The limits, at 95% CL, are found to be B (Bg —eteT) < 11.2x107°
and B(B® — e*e™) <3.0x 107°.

1.2 Rare b — s¢*{~ decays
1.2.1 B? — ¢(— K*K")u" i~ branching fraction

The latest branching fraction measurement of BY — ¢(— K™K~ )u*u~ [9] is made using full
Run 1 and Run 2 data, in intervals of the dilepton invariant mass squared (¢%). Regions of ¢°
dominated by tree-level BY decays into final states with a J/i or (2S) meson are vetoed, as is
that which is dominated by the decay of Bg — ¢(— utu)¢. The differential branching fraction
is determined relative to the normalisation mode of Bg — J/y ¢ through an extended maximum
likelihood fit. In the ¢? region of 1.1 to 6.0 GeV?/c*, its value is found to be (2.88 + 0.22) x
1078 GeV~2c*, which lies 3.60 below a SM prediction?.

As part of the same analysis, the decay of B — 1, (1525)u* ™ is searched for using a similar
strategy. This decay is observed for the first time with 90 significance, and its total branching
fraction is determined to be B(B? — Sutur) = (1.57£0.19 £ 0.06 £ 0.06 + 0.08) x 107, where
the third and fourth uncertainties result from the extrapolation to the full ¢> range and the branching
fraction uncertainty of the normalisation mode, respectively.

1.2.2 B - K*(— K*7n7)u* u~ angular analysis

The newest angular analysis of B — K**(— K*zn7)u*u~ [10] uses data from Run 1 and
part of Run 2 (2016 only). The angular distribution of the final state particles of the decay can
be described using three angles 6,6k, ¢ and g>. The differential decay rate, in terms of these
variables, is given by [11]
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where f; are combinations of spherical harmonics, and the I; are ¢> dependent angular coefficients.
These can be expressed in terms of the amplitudes of the decay that can be written in terms of the
Wilson coefficients C7,910 and B — K* form factors. Different sets of angular observables can
be defined using the I; terms, notably the CP-averaged, optimised P-basis observables [12], Pl('),
which are largely form factor independent.

As the triggering, reconstruction and selection of signal candidates distort the angular dis-
tributions, corrections are made using functions obtained from simulation that encode this effect.
The observable values are extracted from a five dimensional simultaneous fit to the three angles,

2Please refer to [9] for additional details.
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m(K*n~u*u~) and m(K*7~) of the Run 1 and 2016 samples. They show general consistency with
the SM. Tensions are seen in three observables, F;, Arp and P., where local discrepancies in the
g? bins of 4.0 to 6.0 GeV2/c* and 6.0 to 8.0 GeV?/c* are at levels of 2.50- and 2.9, respectively.

1.2.3 B* - K**(— Kon*)u* = angular analysis

The angular observables of the B* — K**(— Kg(—> 7tn7)xt)ut u~ decay are measured
for the first time using full Run 1 and Run 2 data [13]. This decay is the isospin partner of
BY — K*u*u~, and a similar analysis strategy is applied. However, due to comparatively low
statistics, a folding technique is used, where sets of transformations of the angles are made to the
differential decay rate (same form as Equ. 2) to reduce the number of observables to be determined
for a given fit. This improves the stability of the fit without loss of sensitivity. The results are
generally in good agreement with the SM. A 30 local discrepancy is seen for the observable P,
in the ¢? interval of 6.0 to 8.0 GeV?/c*. The trend seen in the P observable shows similarities to
what is seen in the analysis of B — K*Ou* u~, although the statistical uncertainties are large.

1.2.4 B — ¢u*u~ angular analysis

The newest angular analysis of BY — ¢u*u~ [14] is made using data from Run 1 and most of
Run 2 (excluding 2015). The analysis strategy used is similar to that of B — K*u* u~. However,
one important difference is that the final state of this decay is flavour symmetric, which causes
some observables such as P; to be inaccessible. Nevertheless, it is interesting to measure the CP
asymmetries, which are predicted to be close to zero in the SM but can be large in the presence of
NP contributions [15]. The observable values found show good agreement with the SM, with slight
tension seen for Fy at low ¢g>. The CP asymmetries are close to zero.

1.2.5 Interpretation

The three most recent angular analyses seems to support what may be a consistent pattern of
deviations in b — s¢*¢~ decays. This can be seen in the EFT framework. The values of the angular
observables obtained from the analyses of the B® — K*0u*u~, Bt — K**u* = and BY — ¢utu~
decays are fitted using the Flavio software package [16] varying the real part of the Wilson coeflicient
Cy, motivated by global fits to b — s¢*¢~ observables (see for example [4]). The results reveal
what seems to be a consistent trend, where negative values of ARe(Cy) are preferred over the SM
hypothesis at the level of 2 to 3 0. However the interpretation of this shift is complicated by SM
contributions from charm loop (c¢), which are difficult to reliably calculate (see for example [17]).

1.3 Semileptonic decays

Semileptonic decays featuring the b — c¢fv transition are involved in several tests of LFU,
with some results showing mild tension with the SM. These are carried out by measuring ratios of
branching fractions of the form
B(Hp, — H.1v)
B(Hb i Hc /JV) ’

where Hp, and H,. refer to hadrons containing b and ¢ quarks, respectively. The usage of ratios

R(H,) = 3)

allows for the cancellation of some systematic and theoretical uncertainties. The tau is reconstructed
through its leptonic (e.g. 7% — u*v, ;) or hadronic (e.g. 7% — 77~ 7" v;) decay modes.
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All analyses of this category are made using Run 1 data only. The most recent measurements
include that of R(D*~), where the 7 is reconstructed through its hadronic decay [18]. The result of

B(B" —» D" 1t*v;)
B(BY — D*~utv,)

R(D*) = =0.291 +£0.019 + 0.026 + 0.013, 4)

is obtained, where the third uncertainty is due to the limited knowledge on the branching fractions
of the normalisation mode of B® — D*"n*n~n* and the B — D*~p*v,, decay.

Another recent result is R(J/y) [19], where the 7 is reconstructed through its hadronic decay
mode, and the J /i through its decay to two muons. The ratio is found to be

BBF — J/ytrvs)

RUID = B85S T wwry,)

=0.71+0.17+0.18 . 5)

Both results are consistent with SM predictions (please see [20] and [19] for additional details).

1.4 Conclusions

Rare, electroweak-penguin and semileptonic b — c¢{v decays provide excellent avenues for
the indirect search of new physics. Recent results from the LHCb collaboration in the area of
rare leptonic B decays show good agreement with the SM, while existing tensions in observables
of b — s€*¢~ decays persist in updates using Run 2 statistics. Updates to LFU testing ratios of
semileptonic decays using Run 2 data are expected in the near future. With Run 3 of the LHC on
the horizon, and interest from the Belle II collaboration to offer independent insight into the nature
of the current anomalies, more interesting results can be expected in the coming years.
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