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Abstract We analyse the rare processes K → πνν̄ in
view of the recent hints of violations of lepton-flavour uni-
versality (LFU) observed in B meson decays. If, as sug-
gested by present data, the new interactions responsible for
LFU violations couple mainly to the third generation of left-
handed fermions, K → πνν̄ decays turn out to be particu-
larly interesting: these are the only kaon decays with third-
generation leptons (the τ neutrinos) in the final state. In order
to relate B-physics anomalies and K decays we adopt an
effective field theory approach, assuming that the new inter-
actions satisfy an approximate U (2)q ×U (2)� flavour sym-
metry. In this framework we show that O(1) deviations from
the Standard Model predictions in K → πνν̄ branching
ratios, closely correlated to similar effects in B → K (∗)νν̄,
are naturally expected. The correlation of B(K → πνν̄),
B(B → K (∗)νν̄), and the LFU violations in B decays would
provide a very valuable tool to shed more light on this inter-
esting phenomenon.

1 Introduction

The hints of lepton-flavour universality (LFU) violations in
semileptonic B decays are among the most interesting devia-
tions from the standard model (SM) reported by experiments
in the last few years. The very recent result on the RK ∗ ratio
by LHCb [1] is only the last piece of a seemingly coherent
set of results, involving different observables and different
experiments, which started in 2003 with the BaBar results
on RD(∗) [2]. The evidence collected so far can naturally
be grouped into two categories, according to the underlying
quark-level transition:
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• deviations from τ/(μ, e) universality in charged currents
of the type b → c�ν̄ (observed in B → D∗�ν and B →
D�ν decays [2–4]);

• deviations from μ/e universality in neutral currents of the
type b → s�� (observed in B → K ∗�� and B → K��

decays [1,5]).

In both cases the combination of the results leads to evidence,
exceeding the 3σ level, for LFU contributions of non-SM
origin, whose size is O(10%) compared to the corresponding
charged- or neutral-current SM amplitudes.1

These deviations from the SM have triggered a series of
theoretical speculations about possible new physics (NP)
interpretations. In particular, attempts to provide a com-
bined/coherent explanation for both charged- and neutral-
current anomalies have been presented in Refs. [12–27]. One
of the puzzling aspects of the present anomalies is that they
have been seen only in semileptonic B decays and are quite
large compared to the corresponding SM amplitudes. On the
contrary, no evidences of deviations from the SM have been
seen so far in the precise (per-mil) tests of LFU performed in
semileptonic K and π decays, in purely leptonic τ decays,
and in electroweak precision observables. The most natural
assumption to address this apparent paradox is the hypothesis
that the NP responsible for the breaking of LFU is coupled
mainly to the third generation of quarks and leptons, with
some small (but non-negligible) mixing with the light gener-
ations [14,26,28]. Within this paradigm, a motivated class of
models are those based on aU (2)q×U (2)� flavour symmetry
acting on the light generations of SM fermions [29,30], that
turns out to be quite successful in addressing these anomalies
while satisfying all existing bounds [26].

If NP is coupled mainly to third-generation fermions, it
is very difficult to detect it in K decays, which necessarily

1 Updated fits for the Wilson coefficients of the relevant low-energy
effective Hamiltonians can be found e.g. in Refs. [6–10] for b → s��̄
and Ref. [11] for b → c�ν̄.
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imply a transition among light quarks and, in most cases, also
imply light leptons in the final states. The only exception in
this respect is provided by K → πνν̄ decays, which involve
third-generation leptons in the final state—the τ neutrinos.
As we will show in the following, this fact implies that K →
πνν̄ decays are a very sensitive probe of the most motivated
models addressing the hints of LFU violations in B physics,
as already pointed out in Refs. [18,31] in specific models. On
the one hand, B(K → πνν̄) could exhibit O(1) deviations
from the SM predictions in a large area of the parameter
space of such models. On the other hand, even in absence of
large deviations, improved measurements (or constraints) on
B(K → πνν̄) would provide a very valuable model-building
information.

The paper is organised as follows: in Sect. 2 we briefly
review the main formulae to evaluate B(K → πνν̄) within
and beyond the SM. In Sect. 3 we discuss the effective
field theory (EFT) approach to LFU violations based on the
U (2)q ×U (2)� flavour symmetry and, in that framework, we
analyse the possible impact on K → πνν̄ decays. In Sect. 4
we focus in particular on the expected correlations between
K → πνν̄, the RD(∗) anomaly, and B → K (∗)νν̄, which turn
out to be closely related observables (impact and constraints
from other observables are briefly mentioned at the end of
the section). The results are summarised in the conclusions.

2 The K → πνν̄ decays

Here we briefly summarise the main steps to predict
B(K+ → π+νν̄) and B(KL → π0νν̄) within and beyond
the SM, taking into account possible violations of LFU. The
effective Lagrangian describing short-distance FCNC inter-
actions of the type diL → d j

Lνν̄ is

Leff = 4GF√
2

α

2π
V ∗
ti Vt jCi j,�

(
d̄iLγμd

j
L

) (
ν̄�γ

μν�

)
, (2.1)

where α is the fine-structure constant, and Vi j are the ele-
ments of the CKM matrix. For sL → dLν�ν̄�, the Wilson
coefficient in the SM reads

CSM
sd,� = − 1

s2
w

(
X t + V ∗

csVcd
V ∗
tsVtd

X�
c

)
, (2.2)

where X t and X�
c are the loop functions for the top and charm

contributions, respectively, and sw is the sine of the weak
mixing angle.

The branching ratio for K+ → π+νν̄ in the SM, summing
over the three neutrino species, can be written as [32]

B(K+ → π+νν̄)SM = κ+(1 + 
em)

3

×
∑

�=e,μ,τ

∣∣∣∣
V ∗
tsVtd
λ5

X t + V ∗
csVcd
λ

(
X�
c

λ4 + δP�
c

)∣∣∣∣
2

, (2.3)

where λ is the Cabibbo angle, κ+ = (5.173 ± 0.025) ×
10−11(λ/0.225)8, 
em = −0.003 is a QED correction [33],
and δP�

c,u ≈ 0.04 ± 0.02 is the long-distance contribution
from light quark loops [34]. The numerical value of the loop
functions are X t = 1.481 ± 0.009 and Pc = 1

3

∑
� X

�
c/λ

4 =
0.365 ± 0.012 [35].2

Within the SM the CP-violating decay KL → π0νν̄

is lepton-flavour universal. However, in order to take into
account possible violation of LFU beyond the SM, we can
conveniently write its branching ratio as

B(KL → π0νν̄)SM = κL

3

∑
�=e,μ,τ

Im

(
V ∗
tsVtd
λ5

X t

)2

, (2.4)

where κL = (2.231 ± 0.013) × 10−10(λ/0.225)8.
In the class of NP models we will consider, the short-

distance contributions to K → πνν̄ amplitudes are still left-
handed but lepton-flavour non-universal. The general expres-
sions for the branching ratios in the presence of such non-
standard contributions can simply be obtained replacing the
function X t in (2.3) and (2.4) by

X
(
CNP
sd,�

)
= X t + CNP

sd,� s
2
w, (2.5)

where CNP
sd,� is the new physics contribution to the Wilson

coefficient in (2.1).
Using the most recent determinations of the input parame-

ters, the SM predictions for the two branching ratios are [37]

B(K+ → π+νν̄)SM = (8.4 ± 1.0) × 10−11, (2.6)

B(KL → π0νν̄)SM = (3.4 ± 0.6) × 10−11. (2.7)

The dominant source of error in (2.6) and (2.7) comes from
the uncertainty in the CKM matrix elements, and from the
charm contribution.

The current experimental bounds are [38]

B(K+ → π+νν̄)exp = 17.3+11.5
−10.5 × 10−11, (2.8)

B(KL → π0νν̄)exp ≤ 2.6 × 10−8 (90% CL). (2.9)

The branching ratio of the charged mode is expected to be
measured with a precision of 10%, relative to the SM pre-
diction, by the on-going NA62 experiment at CERN [39]. A
search for the challenging neutral mode at the SM level is the
ultimate goal of the KOTO experiment at JPARC [40].

2 The NLO values of the individual X�
c can be found e.g. in [36].
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3 The EFT approach to LFU violations based on
U(2)q × U(2)�

As already anticipated, the B-physics anomalies observed
so far point toward NP coupled mainly to the third genera-
tion of SM fermions with some small (but non-negligible)
mixing with the light generations. In addition, all effects
observed so far are well compatible with NP only involv-
ing left-handed currents. Left-handed four-fermion operators
are also the most natural candidates to build a connection
between anomalies in charged and neutral-current semilep-
tonic processes. These observations have led to identify the
EFT approach based on theU (2)q×U (2)� flavour symmetry
as a convenient framework (both successful and sufficiently
general) to analyse B-physics anomalies and discuss possible
correlations with other low-energy observables [14,25,26].

The EFT is based on the assumption that the first two
generations of left-handed quarks and leptons transform as
doublets of U (2)q × U (2)�, while the third generation and
the right-handed fermions are singlets

Q ≡
(
q1
L , q2

L

)
∼ (2, 1), q3

L ∼ (1, 1), (3.1)

L ≡
(
�1
L , �2

L

)
∼ (1, 2), �3

L ∼ (1, 1). (3.2)

Motivated by the observed pattern of the quark mass matrices,
it is further assumed that the leading breaking terms of this
flavour symmetry are two spurion doublets, Vq ∼ (2, 1) and
V� ∼ (1, 2), which give rise to the mixing between the third
generation and the other two [29] (additional sub-leading
breaking terms are needed to generate the masses of the light
generations and the corresponding mixing structures [29]).

This symmetry and symmetry-breaking pattern implies
|V3i | ≈ |Vi3| ≈ V (i)

q , up to model-dependent parameters of
order one. As a starting point, it is convenient to work in the
down-quark mass basis, where the left-handed singlet and
doublet fields read

qbL =
(
V ∗
j3u

j
L

bL

)
, Qi

L =
(
V ∗
j i u

j
L

diL

)
, (i = 1, 2). (3.3)

In this basis, one can set

Vq ∝ (
V ∗
td , V

∗
ts

) ≡ V̂q , (3.4)

with the proportionality constant real and of order one. In the
lepton sector, the size of the spurion V� is a free parameter,
since it has no direct connection to the lepton Yukawa cou-
plings.3 Given that processes involving electrons are SM-like

3 It is worth stressing that in the lepton sector a different breaking
pattern, i.e. a leading breaking controlled by a triplet of U (2)�, rather
than a doublet, is also a viable option.

to a very high accuracy, we will assume V� = (0, ε�) with
|ε�| 
 1.

The choice of the down-quark mass basis to identify sin-
glets and doublets of the (quark) flavour symmetry is some-
how arbitrary. In particular, the singlets do not need to be
aligned with bottom quarks. On general grounds we expect

q3L ≡ qbL + θqe
iφq V̂ †

q · QL , (3.5)

where θqeiφq is the complex O(1) parameter that controls this
possible mis-alignment: θq → 0 in the case of alignment to
the down-quark mass basis, while θqeiφq → 1 in the case
of alignment to the up-quark mass basis. Given the absence
of deviations from the SM in CP-violating observables, it is
natural to expect φq to be close to 0 or π (θq is defined to be
real and positive). Similarly, in the lepton sector we define

�3L ≡ �3
L + V †

� · L . (3.6)

We shall describe NP effects through an EFT based on the
following hypotheses:

1. the field content below the NP scale � > (GF )−1/2 is
the SM one;

2. the Lagrangian is invariant under the flavour symmetry
U (2)q × U (2)�, apart from the breaking induced by the
spurions Vq and V�;

3. NP is directly coupled only to left-handed quark and lep-
ton singlets in flavour space (i.e. only operators contain-
ing onlyq3L or �3L fields are affected by tree-level match-
ing conditions at the NP scale �).

Given these assumptions, we can identify only two inde-
pendent operators of dimension six affected by NP and con-
tributing to semileptonic decays at the tree level, namely the
electroweak singlet and triplet current-current interactions,

Leff = − 1

�2 (q̄3Lγμσ aq3L)(�̄3Lγ μσ a�3L)

−c13

�2 (q̄3Lγμq3L)(�̄3Lγ μ�3L). (3.7)

The normalisation of the triplet operator in (3.7) has been
chosen in order to generate a constructive interference with
the SM in charged-current amplitudes, as suggested by b →
cτ ν̄τ data. The overall scale of this operator defines the NP
scale �, while c13 denotes the ratio between the singlet and
triplet Wilson coefficients.
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4 Physical observables

4.1 The RD(∗) anomaly

The averages of the τ/� universality ratios (� = μ, e) in
b → c transitions measured by BaBar [2], Belle [3] and
LHCb [4], are

RD∗ ≡ B(B → D∗τ ν̄τ )exp/B(B → D∗τ ν̄τ )SM

B(B → D∗�ν̄�)exp/B(B → D∗�ν̄�)SM

= 1.23 ± 0.07, (4.1)

RD ≡ B(B → Dτ ν̄τ )exp/B(B → Dτ ν̄τ )SM

B(B → D�ν̄�)exp/B(B → D�ν̄�)SM

= 1.35 ± 0.16. (4.2)

These two results can be combined into a single observable
that parametrises the violation of LFU in charged currents
(assuming a purely left-handed structure):

RD(∗) = 1.24 ± 0.07. (4.3)

Only the triplet operator in (3.7) contributes to b → cτ ν̄τ

decays via the following effective interaction:

LNP
b→cτ ν̄τ

= − 2

�2

[
Vcb + θqe

−iφq
(
VcsV

∗
ts + VcdV

∗
td

) ]

×(c̄Lγ μbL)(τ̄Lγμντ ) . (4.4)

The branching ratio for the processes B → D(∗)τ ν̄ is then
modified as follows by the triplet operator (using CKM uni-
tarity and setting Vtb = 1):

B(B → D(∗)τ ν̄) =B(B → D(∗)τ ν̄)SM

×
∣∣∣1 + R0

(
1 − θqe

−iφq
)∣∣∣

2
(4.5)

where we have defined

R0 = 1

�2

1√
2GF

. (4.6)

In the limit where we neglect sub-leading terms suppressed
by the small leptonic spurion, NP does not affect B(B →
D(∗)�ν̄) for the light leptons. This allows us to fix the overall
scale of NP via the relation
[
Rτ/μ

D(∗) − 1
]

≈ 2R0(1 − θq cos φq) = 0.24 ± 0.07 . (4.7)

The reference effective scale of NP, obtained for θq → 0,
is �0 ≈ 700 GeV. Notice that higher scales of NP can
be obtained if θq = O(1) and cos φq < 0, obtaining in
this way a better compatibility with constraints from direct
searches [41] and electroweak precision tests [42,43]. On
the other hand, the NP contribution to RD(∗) vanishes in the

case of alignment of the flavour symmetry to up-type quarks
(θq → 1, φq → 0).

4.2 LFU-violating contributions to K → πνν̄

The operators (3.7) contribute to s → dνν̄ transitions
through the term proportional to the Vq spurion in (3.5),

LNP
s→dνν̄ = 1 − c13

�2 θ2
q V ∗

tsVtd(s̄LγμdL)(ν̄τ γμντ ). (4.8)

Neglecting, in first approximation, the NP contribution to
s → dν�ν̄� (� = e, μ) amplitudes, we can write

B(K+ → π+νν̄) = 2B(K+ → π+νeν̄e)SM

+B(K+ → π+ντ ν̄τ )SM

×
∣∣∣∣∣1 + R0 θ2

q (1 − c13)

(α/π)CSM,eff
sd,τ

∣∣∣∣∣
2

,

B(KL → π0νν̄) = 2B(KL → π0νeν̄e)SM

+B(KL → π0ντ ν̄τ )SM

×
∣∣∣∣∣1 − R0 θ2

q (1 − c13)

(α/π)(X t/s2
w)

∣∣∣∣∣
2

, (4.9)

where CSM,eff
sd,τ ≈ −8.5 × e0.11i includes also the long-

distance contributions of (2.3).
The current allowed range from the experimental result

(2.8) for the real and imaginary parts of the Wilson coefficient
CNP
sd,τ in a generic NP model is shown in Fig. 1 (left). In our

case this translates into the constraint

∣∣∣R0 θ2
q (1 − c13)

∣∣∣ � 0.1 . (4.10)

As expected, the constraint vanishes in the limit c13 → 1,
where triplet and singlet NP contributions to s → dνν̄ ampli-
tudes cancel each other. However, it must be stressed that
there is no symmetry reason to expect c13 = 1. Even if
c13 = 1 holds as tree-level matching condition in the EFT
(such as e.g. in the lepto-quark models of Refs. [18,27]), one
expects c13 �= 1 beyond the tree level [18]. For c13 �= 1 the
result in (4.10) implies a severe constraint on the maximal
value of θq , assuming (4.7) is satisfied. For |c13 − 1| 
 1
one finds |θq | � 1/|c13 − 1|.

Expressing R0 in terms of the measured value of RD(∗)

(and the unknown parameters θq and φq ) we can rewrite the
previous expression as a relation between RD(∗) and B(K →
πνν̄) as follows:

B(K+ → π+νν̄) ≈ B(K+ → π+νν̄)SM

×
[
1 − 14 [RD(∗) − 1]θ2

q fq + 165 [RD(∗) − 1]2θ4
q f 2

q

]
,

(4.11)

123



Eur. Phys. J. C (2017) 77 :618 Page 5 of 9 618

Fig. 1 Left: allowed range for the real and imaginary parts of the NP
Wilson coefficient CNP

sd,τ . Right: correlation between B(K+ → π+νν̄)

and RD(∗) for different values of the parameter θq (with φq = c13 = 0);

the coloured regions are the experimental measurements at 1 σ , the dark
green band is the SM prediction

where fq ≡ (1 − c13)/(1 − θq cos φq), and where we
neglected higher orders in R0 from (4.7). This correlation is
shown in Fig. 1 (right), for different values of the free param-
eters. As can be seen, for θq = O(1) the solution of the RD(∗)

anomaly can imply sizeable deviations in B(K+ → π+νν̄)

compared to the SM. The dependence of B(K+ → π+νν̄)

on the parameter θq , with RD(∗) fixed as in (4.7), is shown
by the blue lines in Fig. 2 (right) for the two values of the
phase φu = 0 and π , and for different values of the singlet
contribution c13. Notice that for c13 > 1 the branching ratio
is always enhanced with respect to the SM prediction.

The neutral mode KL → π0νν̄ is purely CP-violating
and constrains only the imaginary part of the amplitude. The
present bound on the NP Wilson coefficient from (2.9) is
roughly 10 times weaker than the one from the K+ mode.

4.3 Correlations between B → K (∗)νν̄ and K → πνν̄

Also b → sνν̄ transitions are described by the Lagrangian
(2.1), with CSM

bs = −X t/s2
w ≈ −6.4. Notice that the charm

contribution is not relevant in this case. Both charged and
neutral B → K (∗)νν̄ decays set bounds on the new physics
Wilson coefficient, with the stronger constraints coming from
the B+ modes. In the SM, the branching ratios are [44]

B(B+ → K+νν̄)SM = 3.94 × 10−6
∣∣∣∣
VtsV ∗

tb

0.04

∣∣∣∣
2

, (4.12)

B(B+ → K+∗νν̄)SM = 9.82 × 10−6
∣∣∣∣
VtsV ∗

tb

0.04

∣∣∣∣
2

, (4.13)

to be compared with the experimental bounds [38]

B(B+ → K+νν̄) ≤ 1.7 × 10−5 @90% CL, (4.14)

B(B+ → K+∗νν̄) ≤ 4.0 × 10−5 @90% CL. (4.15)

In the presence of the operators of (3.7) the branching ratios
are modified as follows:

B(B → K (∗)νν̄) = B(B → K (∗)νν̄)SM

[
2

3
+ 1

3

×
∣∣∣∣1 − πs2

wR0

αX t
θqe

iφq (1 − c13)

∣∣∣∣
2
]

.

(4.16)

As for K → πνν̄, we can obtain a direct connection to the
charged-current anomaly expressing R0 in terms of RD(∗) :

B(B → K (∗)νν̄) ≈ B(B → K (∗)νν̄)SM

×
(

1−21[RD(∗)−1]θq cos φq fq+320[RD(∗) − 1]2θ2
q f 2

q

)
.

(4.17)

Figure 2 (right) shows the dependence of B(B+ → K ∗+νν̄)

on θq , with RD(∗) fixed to the central value of the experimental
measurement, and for two different values of φq and c13.
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Fig. 2 Left: correlation of B(K+ → π+νν̄) with B(B+ → K ∗+νν̄),
having imposed RD(∗) = 1.25. The red (blue) coloured region is for
c13 = 0 (c13 = 2). We also show isolines of θq , and the red star is the

SM point. Right: branching ratios for K+ → π+νν̄ and B+ → K ∗+νν̄,
normalised to the SM values, as functions of θq . The solid (dashed) lines
correspond to c13 = 0, φq = 0 (c13 = 2, φq = π )

The deviations from the SM expectations in the two FCNC
neutrino modes are closely correlated, as described by the
following relation:


B(K+ → π+νν̄)


B(B → K (∗)νν̄)
≈2

3
× θq

cos φq

× 1 − 12 [RD(∗) − 1]θ2
q fq

1 − 15[RD(∗) − 1] θq fq
cos φq

, (4.18)

where 
B = B−BSMBSM
, and as illustrated in Fig. 2. Notice that

for small θq this correlation does not depend on the mea-
sured value of RD(∗) . The constraints from B → K (∗)νν̄ can
severely limit the deviations in K → πνν̄. This fact is well
known in the literature, independently of the relation with the
LFU B anomalies, see e.g. [45,46]. If c13 < 1, the NP con-
tributions interfere constructively with the SM amplitude in
the first branching ratio, and destructively in the second one.
As a consequence, in this case B(K+ → π+νν̄) is always
suppressed, with deviations of up to −30% with respect to
the SM value. The opposite is true when c13 > 1. Also, the
constraints are more stringent when cos φq is positive, since
in this case the effective scale of new physics is lower. For
negative cos φq and c13 > 1, in particular, the constraint
from B → K (∗)νν̄ becomes irrelevant, and large devia-
tions can be expected in B(K+ → π+νν̄) [within the limits
of (2.8)].

4.4 Constraints and connections to other observables

b → s�+�−. FCNC processes that involve the light gen-
erations of leptons are suppressed by the spurion V� in our
framework. While LFU violation in these modes is a gen-
eral prediction following from (3.6), the exact size of these
effects depends on the unknown parameter ε� (and, more
generally, by the assumption on the breaking of the U (2)�
lepton-flavour symmetry). The NP contributions to the Wil-
son coefficientsC9 andC10 of the semileptonic b → sμ+μ−
Lagrangian

Lb→sμμ
eff = 4GF√

2

α

4π
V ∗
tbVts

× [
C9,μ(b̄LγμsL)(μ̄γ μμ) + C10,μ(b̄LγμsL)(μ̄γ μγ5μ)

]
(4.19)

read

CNP
9,μ = −CNP

10,μ = −π

α
R0θqe

iφq (1 + c13)|ε�|2 . (4.20)

Global fits of these Wilson coefficients, performed after the
recent measurement of the LFU ratio RK ∗ [1], in the case
of NP coupled to left-handed currents only, yields CNP

9,μ =
−CNP

10,μ = −0.64 ± 0.18 [6–10]. From this result, fixing the
overall scale of NP from (4.7), it follows that |ε�| (1+c13) ≈
0.1 up to an O(1) factor depending on θq and φq . Since the
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sign of CNP
9 must be negative to fit the b → s��̄ anomalies,

it follows that (1 − c13) cos φq > 0.
b → sτ+τ−. FCNC decays of B mesons with a τ+τ−
pair in the final state arise at leading order in the breaking
of U (2)q × U (2)�. This implies that these processes can
be directly related both to the RD(∗) anomalies, and to the
two neutrino modes discussed above. The current experi-
mental limits on B(B → K τ+τ−) are four orders of mag-
nitude larger than the corresponding SM prediction (which
lies in the 10−7 range). The Belle II experiment is expected
to improve these limits by at least one order of magnitude,
reaching the 10−4 level [47]. While the value predicted in the
SM would still be out of reach, this sensitivity could be inter-
esting in the NP framework introduced above. The relevant
NP Wilson coefficient are CNP

9,τ = −CNP
10,τ = CNP

9,μ/|ε�|2, and
the branching ratio depends quadratically on R0(1 + c13) in
the limit where the NP contribution is large. Setting RD(∗) to
the central value in (4.7), and imposing the constraints on θq
from B → K (∗)νν̄ and K → πνν̄, one gets an enhancement

of a factor 102 ÷ 103 in B(B → K τ+τ−) if
∣∣∣ 1−c13

1+c13

∣∣∣ � 20%

(which is a rather natural choice of parameters). Finally, it is
interesting to note that the observation of b → sτ+τ− transi-
tions, together with s → dνν̄ and b → sνν̄, would allow to
fix the three dimensionless parameters c13, θq , and φq enter-
ing the Lagrangian (3.7), thus completely determining the
leading free parameters of the EFT.
τ → Kν. The s → u analogue of B → D(∗)τ ν̄ is the tau
decay τ → Kν, which is generated at tree-level in the SM,
and gets a contribution from the charged-current interaction
(3.7). The total branching ratio in the presence of NP can be
written as

B(τ → Kν)=B(τ → Kν)SM

∣∣∣∣1−R0
VubVts

λ
θq(e

iφ−θq)

∣∣∣∣
2

.

(4.21)

The measured value isB(τ → Kν)exp = (6.9±0.1)×10−3,
which has to be compared with the SM prediction B(τ →
Kν)SM = (7.1 ± 0.1) × 10−3. This translates into a loose
bound on the scale of NP [R0θq(1 − θq) � 20 for φq = 0].

Loop effects. The running from the scale � to the elec-
troweak scale, starting from the NP semileptonic Lagrangian
(3.7), does generate non-vanishing contributions to four-
quark and four-lepton operators. The contributions to K − K̄
and Bs− B̄s mixing, as well as to flavour-changing Zqq̄ inter-
actions, are suppressed at least by the τ mass, and turn out to
be several orders of magnitude below present experimental
constraints.

It is on the other hand well known that running effects due
to quark loops, leading to purely leptonic operators [42,43],
are potentially more problematic because of precise con-

straints from leptonic τ decays. In concrete models, addi-
tional UV contributions to the same effective operators will
arise from the matching at the scale �. These contributions
can help satisfying the τ decay constraints, but can also con-
stitute a problem for meson mixing. On general grounds, sat-
isfying all the constraints in a concrete UV completion that
incorporates both the b → cτ ν̄ and the b → s�+�− anoma-
lies is not straightforward. However, as shown in [26], this
result can be achieved with a moderate tuning of parameters.
Given the model-dependence of the radiative constraints, we
do not take them into account in the present analysis whose
main focus is on semileptonic decays.

5 Conclusions

Recent B-physics data hints toward violations of Lep-
ton Flavour Universality in charged- and neutral-current
semileptonic processes. The most natural explanation of
these phenomena, if both will be confirmed as evidences of
physics beyond the SM, is the hypothesis of a new interac-
tion in the TeV range that couples mainly to third-generation
fermions. If a CKM-like relation connects NP effects in B
and K physics, it is natural to expect sizeable deviations from
the SM in K → πνν̄ decays, which are the only s → d tran-
sitions that involve third-generation leptons in the final state.

To quantify possible NP effects in K → πνν̄ decays
in sufficiently general terms, being motivated by present B-
physics anomalies, we have considered an EFT based on the
hypothesis of a U (2)q × U (2)� flavour symmetry acting on
the light generations of left-handed fermions, broken in the
quark sector by the small CKM-like spurion Vq connecting
third and light generations (and similarly broken by a small
spurion V� in the lepton sector). We further assumed that NP
is coupled only to the left-handed third-generation flavour
singlets (q3L and �3L ). Because of the freedom in the choice
of the flavour basis, the spurions Vq,� can enter the definition
of the flavour singlets with an arbitrary mixing parameter
of order one. The latter control the communication of NP
effects from processes with third-generation fermions only,
to processes with light generations. This set-up is not the most
general one compatible with theU (2)q ×U (2)� flavour sym-
metry, but it covers a wide class of the most motivated explicit
models so far proposed to address B-physics anomalies.

In this framework, we focussed attention on semileptonic
transitions involving only τ leptons and τ neutrinos. These
processes are completely determined by four real parame-
ters: the overall scale of the new interactions �, the two
model-dependent real (mixing) parameters θq and φq defin-
ing the (quark) flavour basis, and the relative strength of
the electroweak-triplet and -singlet NP interactions c13. The
measurement of the LFU ratios RD(∗) can be used to fix the NP
scale � in terms of θq and φq . This allows one in turn to study
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the neutrino FCNC transitions K → πνν̄ and B → K (∗)νν̄,
as well as B → K (∗)τ+τ−, as functions of the three remain-
ing parameters naturally expected to be of O(1).

We have shown that, for natural values of the free param-
eters, sizeable and closely correlated deviations from the SM
of both neutrino modes are expected. The electroweak-triplet
operator alone necessarily causes a suppression of B(K+ →
π+νν̄), due to the interference of NP with the SM amplitude
which is always destructive. This suppression could be as
large as 30%, relative the SM value. If, on the other hand, also
an electroweak singlet interaction is present, arbitrary mod-
ifications of B(K+ → π+νν̄) are possible. The strongest
constraint on the allowed size of these deviations comes from
the present bounds on B(B → K (∗)νν̄), which, however, do
not exclude O(1) enhancements in B(K+ → π+νν̄), as
illustrated in Fig. 2.

Order of magnitude enhancements of b → sτ+τ− com-
pared to the SM are possible in this class of NP models. How-
ever, these transitions are very challenging from the exper-
imental point of view. In principle, the combined measure-
ment of RD(∗) , B(K+ → π+νν̄), B(B → K (∗)νν̄), and
B(B → K τ+τ−) would allow one to completely determine
the leading parameters of the EFT. The correlation with other
observables is less straightforward: violations of μ/e univer-
sality in b → s��̄ transitions are a natural prediction of this
framework; however, their size and the correlation with NP
effects in the neutrino modes are controlled by additional free
parameters.

Summarising, K → πνν̄ decays could be significantly
affected by the non-standard LFU-violating interactions
hinted by present B-physics data. The forthcoming mea-
surement of B(K+ → π+νν̄) by the NA62 experiment at
CERN will provide an important insight on this class of NP
models. The general expectation is a sizeable deviation from
the SM, which, however, could result also into a significant
suppression. Should a deviation from the SM prediction be
observed in this channel, its correlation with NP effects in
B(B → K (∗)νν̄) and, possibly, B(B → K τ+τ−), would
allow one to reveal the flavour structure of this new interac-
tion.
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