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LHCb has reported deviations from the Standard Model in b → sμþμ− transitions for which a new
neutral gauge boson is a prime candidate for an explanation. As this gauge boson has to couple in a flavor
nonuniversal way to muons and electrons in order to explain RK , it is interesting to examine the possibility
that also lepton flavor is violated, especially in the light of the CMS excess in h → τ�μ∓. In this article, we
investigate the perspectives to discover the lepton-flavor violating modes B → Kð�Þτ�μ∓, Bs → τ�μ∓ and
B → Kð�Þμ�e∓, Bs → μ�e∓. For this purpose we consider a simplified model in which new-physics effects
originate from an additional neutral gauge boson (Z0) with generic couplings to quarks and leptons.
The constraints from τ → 3μ, τ → μνν̄, μ → eγ, gμ − 2, semileptonic b → sμþμ− decays, B → Kð�Þνν̄ and
Bs–B̄s mixing are examined. From these decays, we determine upper bounds on the decay rates of lepton-
flavor violating B decays. BrðB → Kνν̄Þ limits the branching ratios of lepton-flavor violating B decays to
be smaller than 8 × 10−5ð2 × 10−5Þ for vectorial (left-handed) lepton couplings. However, much stronger
bounds can be obtained by a combined analysis of Bs–B̄s, τ → 3μ, τ → μνν̄ and other rare decays. The
bounds depend on the amount of fine-tuning among the contributions to Bs–B̄s mixing. Allowing for a fine-
tuning at the percent level we find upper bounds of the order of 10−6 for branching ratios into τμ final states,
while Bs → μ�e∓ is strongly suppressed and only B → Kð�Þμ�e∓ can be experimentally accessible (with a
branching ratio of order 10−7).
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I. INTRODUCTION

While most flavor observables agree very well with their
Standard Model (SM) predictions, there are some excep-
tions in semileptonic B decays (see for example [1] for a
recent review). LHCb [2] recently found indications for the
violation of lepton-flavor universality in the ratio

RK ¼ Br½B → Kμþμ−�
Br½B → Keþe−� ¼ 0.745þ0.090

−0.074 � 0.036; ð1Þ

which deviates from the theoretically clean SM prediction
RSM
K ¼ 1.0003� 0.0001 [3] by 2.6σ. In addition, LHCb

has reported deviations from the SM predictions [4–7] in
the decay B → K�μþμ− (mainly in an angular observable
called P0

5 [8]) with a significance of about 3σ [9,10].
Furthermore, also the measurement of Br½Bs → ϕμþμ−�
disagrees with the SM prediction [11,12] by about 3σ [6].
Interestingly, these discrepancies can be explained in a

model-independent approach by a rather large new-physics
(NP) contribution Cμμ

9 to the Wilson coefficient of the

operator Oμμ
9 [the component of the usual SM operator O9

that couples to muons, see Eq. (5)] [13–19]. It is encour-
aging that the value for Cμμ

9 required to explain RK (with
Cee
9 ¼ 0) is of the same order as the one needed for B →

K�μþμ− and Bs → ϕμþμ− [6,20]. Taking into account the
3 fb−1 data for B → K�μþμ− recently released by the
LHCb Collaboration [10], the global significance is found
to be 4.3σ for NP contributing to Cμμ

9 only, and 3.13σ in a
scenario with Cμμ

9 ¼ −Cμμ
10 [18].

Many models proposed to explain the b → sμþμ− data
contain a heavy neutral gauge boson (Z0) which generates a
tree-level contribution to Cμμ

9 [13,21–25]. If the Z0 couples
differently to muons and electrons, RK can be explained
simultaneously [25–29]. Since in this case lepton-flavor
universality would be violated, it has been proposed to
search for lepton-flavor violating (LFV) B decay modes as
well [30]. This is also motivated by the CMS excess in
Br½h → μτ� [31] which can be explained simultaneously
together with RK , Br½Bs → ϕμþμ−� and Br½B → K�μþμ−�
within a single model [26,27].
While the specific model of Refs. [26,27] predicts

only small effects in LFV B decays, the situation could
be different in a generic model. In this article we examine
the LFV decays B → Kð�Þτ�μ∓, Bs → τ�μ∓ (and the
corresponding μ�e∓ channels) studying a simplified model
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in which the NP effects originate from a heavy new gauge
boson Z0 of massMZ0 with generic couplings to quarks and
leptons [32]. We introduce the relevant Z0 couplings to s̄b
and charged lepton pairs l;l0 ¼ τ; μ; e via

LZ0 ⊃ ΓL
ll0 l̄γ

μPLl0 þ ΓL
sbs̄γ

μPLbþ L ↔ R: ð2Þ

As the Z0 is assumed to be much heavier than the scale of
electroweak symmetry breaking, its couplings must respect
SUð2ÞL gauge invariance. This implies that the couplings to
neutrinos and to left-handed charged leptons are equal:
ΓL
lilj

¼ ΓL
νiνj [33]. To study bounds on the LFV B decay

modes, we perform the following steps:
(1) Motivated by the model-independent fits to

B→K�μþμ−, Bs → ϕμþμ− and RK we consider
two scenarios for the Z0 couplings to leptons:
scenario 1 assumes vectorial couplings, i.e. ΓL

ll0 ¼
ΓR
ll0 ≡ ΓV

ll0 , corresponding to Cll0
10 ¼ C0ll0

10 ¼ 0.
Scenario 2 considers left-handed couplings, i.e.
ΓR
ll0 ¼ 0, corresponding to Cll0

9 ¼ −Cll0
10 .

(2) We use the experimental upper bound on B →
Kð�Þνν̄ decays to set upper bounds on LFV B decays,

independently of the values of ΓLðRÞ
sb .

(3) From Bs–B̄s mixing we obtain upper limits on ΓL
sb

as a function of a fine-tuning measure (to be
defined later).

(4) In the lepton sector the Z0 couplings can be con-
strained by τ → 3μ and τ → μνν̄.

(5) Taking into account the constraints (3) and (4) we
derive upper limits on the branching ratios of
Bs → τ�μ∓, B → Kð�Þτ�μ∓ which are stronger than
the ones obtained in (2), but depend on the amount
of fine-tuning in Bs–B̄s mixing.

In Fig. 1we show the Feynman diagrams for the dominant
Z0 contribution corresponding to the steps (1)–(5) of our
analysis. We apply a similar procedure to μ�e∓ final states.
In this case the best bounds on the lepton couplings are
coming from μ → eγ and μ → eνν̄.

II. PROCESSES AND OBSERVABLES

In the Secs. II A–II E we collect the formulas for the
steps (1)–(5) of our analysis outlined in the Introduction.

A. Bs–B̄s mixing

Using the notation of Refs. [34,35] for the operators
describing Bs–B̄s mixing, the first diagram in Fig. 1 feeds
the Wilson coefficients of

O1 ¼ ½s̄αγμPLbα�½s̄βγμPLbβ�;

O5 ¼ ½s̄αPLbβ�½s̄βPRbα�; ð3Þ

as well as O0
1 obtained from O1 by interchanging

PL ↔ PR. The coefficients are

Cð0Þ
1 ¼ ðΓLðRÞ

sb Þ2=ð2M2
Z0 Þ; C5 ¼ −2ΓL

sbΓR
sb=ðM2

Z0 Þ: ð4Þ

For QCD renormalization group effects we use the next-to-
leading order equations calculated in Refs. [34,35].

B. b → slþl0− transitions

For b → slþl0− transitions we need the operators

Oll0
9ð10Þ ¼

α

4π
½s̄γμPLb�½l̄γμðγ5Þl0�; ð5Þ

and their primed counterparts found by PL ↔ PR. Z0
contributions to other operators (such as the magnetic
operator O7) are negligible. The diagrams of Fig. 1 give

Cð0Þll0
9;10 ¼ −

πffiffiffi
2

p
M2

Z0

1

αGFVtbV⋆
ts
ΓLðRÞ
sb ðΓR

ll0 � ΓL
ll0 Þ; ð6Þ

which have to be multiplied by −4GFVtbV�
ts=

ffiffiffi
2

p
in the

effective Hamiltonian.
As first noted in Refs. [13,36] a good fit to B → K�μþμ−

data, leaving Br½Bs → μþμ−� unchanged, is obtained with

Cμμ
9 < 0 andC0μμ

9 ; Cð0Þμμ
10 ∼ 0. Another interesting solution is

given by Cμμ
9 ¼ −Cμμ

10 [6,18].
In our analysis we use the global fit of Refs. [6,18],

resulting for the two scenarios under consideration in

−0.53ð−0.81Þ ≥ Cμμ
9 ≥ ð−1.32Þ − 1.54; ð7Þ

−0.18ð−0.35Þ ≥ Cμμ
9 ¼ −Cμμ

10 ≥ ð−0.71Þ − 0.91; ð8Þ

FIG. 1. Feynman diagrams illustrating the steps (1)–(4) of our
analysis (see text). The diagrams display the dominant Z0

contribution to B̄s–Bs mixing, B̄ → K̄ð�Þμþμ−, B̄s → ϕμþμ−,
τ → 3μ, τ → μνν̄ and B̄ → K̄ð�Þτþμ−.
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at the (1σ) 2σ level, respectively. The quoted ranges are in
good agreement with preliminary results of Ref. [19]. Note
that Br½Bs → μþμ−� is suppressed in scenario 2 compared
to the SM. This effect is taken into account via the global fit
used in our analysis.

C. B → Kð�Þνν̄

Following [37] we write the relevant effective
Hamiltonian as

Hνν0
eff ¼ −

4GFffiffiffi
2

p VtbV�
tsðCνν0

L Oνν0
L þ Cνν0

R Oνν0
R Þ ð9Þ

Oνν0
L;R ¼ α

4π
½s̄γμPL;Rb�½ν̄γμð1 − γ5Þν0�; ð10Þ

Cνν0
LðRÞ ¼ −

πffiffiffi
2

p
M2

Z0

1

αGFVtbV⋆
ts
ΓLðRÞ
sb ΓL

νν0 : ð11Þ

In the approximation ΓR
sb ¼ 0, the branching ratio (nor-

malized to the SM prediction) reads

Rνν̄
Kð�Þ ¼

1

3

X3
i;j¼1

jCij
L j2=jCSM

L j2; ð12Þ

with CSM
L ≈ −1.47=s2W ≈ −6.4. The complete expressions

can be found in Ref. [37]. The current experimental limits
are Rνν̄

K < 4.3 [38] and Rνν̄
K� < 4.4 [39].

Due to SUð2Þ invariance, we have Cij
L ¼ ðCij

9 − Cij
10Þ=2,

so that Cij
L ¼ Cij

9 =2 in scenario 1 and Cij
L ¼ Cij

9 in
scenario 2.

D. τ → μνν̄, μ → eνν̄ and τ → 3μ

The Z0 boson contributes to τ → μνν̄ in two ways: it
generates loop corrections to the W exchange diagram (as
in the lepton-flavor conserving case [25]) and it mediates
τ → μνν̄ at tree level via LFV couplings. The latter
contribution decouples as 1=m2

Z0 from the branching ratio
Br½τ → μνν̄� for ντν̄μ final states where it interferes with the
SM tree-level amplitude, and as 1=m4

Z0 for other final-state
flavors νiν̄j. We find

Br½τ→ μνν̄� ¼Br½τ→ μνν̄�SM
×

�
1þ 3ΓL

μμΓL
ττ

4π2
logm2

W=m
2
Z0

1−m2
Z0=m2

W

�

−
8GFm5

τ

1536
ffiffiffi
2

p
π3Γτm2

Z0
Re½ΓL

μτΓL
ντνμ �þO

�
1

m4
Z0

�
:

ð13Þ

The HFAG value [40] for the branching ratio reads

BRðτ → μντν̄μÞexp ¼ ð17.39� 0.04Þ%: ð14Þ

This should be compared to

BRðτ → μντν̄μÞSM ¼ ð17.29� 0.03Þ%; ð15Þ

obtained from the SM prediction in Ref. [41] and
a combination of the τ lifetime measurements in
Refs. [42–47]. The difference is given by

Δτ→μνν̄ ≡ Brðτ → μντν̄μÞSM − Brðτ → μντν̄μÞexp
¼ ð−1.0� 1.1Þ × 10−3 ð16Þ

at the 2σ level, adding the error originating from the SM
theory predictions linear to the experimental one. In the
analogous case of Γμe we demand

jΔμ→eνν̄j ≤ 4 × 10−5: ð17Þ

This choice restricts corrections to the Fermi constant,
defined through the decay μ → eνν̄, to the sub-per-mille
level and thereby avoids conflicts with electroweak preci-
sion data.
The Z0 boson further mediates the LFV three body decay

τ → 3μ at tree level, with the branching ratio given by
(cf. e.g. [48,49])

Br½τ → 3μ� ¼ m5
τ

1536π3ΓτM4
Z0
½2ðjΓL

μτΓL
μμj2

þ jΓR
μτΓR

μμj2Þ þ jΓL
μτΓR

μμj2 þ jΓR
μτΓL

μμj2�: ð18Þ
Combining Belle [50] and BABAR [51] data gives
Br½τ → 3μ� ≤ 1.2 × 10−8 at 90% C.L. [40]. The corre-
sponding decay μ → 3e does not affect our phenomenol-
ogy, because it involves Γee which we set to zero to comply
with RK .

E. Lepton-flavor violating B decays

Here we give formulas for the branching ratios of LFV B
decays, taking into account the contributions from the

operators Oð0Þll0
9 and Oð0Þll0

10 relevant for our model. For
Bs → lþl0− (with l ≠ l0) we use the results of Ref. [52]
neglecting the mass of the lighter lepton. The branching
ratios for B → Kð�Þτ�μ∓; B → Kð�Þμ�e∓ are computed
using form factors from Ref. [53] (see also
Refs. [12,54]). The results read

Br½Bs → lþl0−� ¼ τBs
m2

lMBs
f2Bs

32π3
α2G2

FjVtbV�
tsj2

×

�
1 −

Max½m2
l; m

2
l0 �

M2
Bs

�
2

ðjCll0
9 − C0ll0

9 j2

þ jCll0
10 − C0ll0

10 j2Þ; ð19Þ
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Br½B → Kð�Þlþl0−� ¼ 10−9ðaKð�Þll0 jCll0
9 þ C0ll0

9 j2 þ bKð�Þll0 jCll0
10 þ C0ll0

10 j2
þ cKð�Þll0 jCll0

9 − C0ll0
9 j2 þ dKð�Þll0 jCll0

10 − C0ll0
10 j2Þ; ð20Þ

with

ll0 aKll0 bKll0 cKll0 dKll0 aK�ll0 bK�ll0 cK�ll0 dK�ll0

τμ 9.6� 1.0 10.0� 1.3 0 0 3.0� 0.8 2.7� 0.7 16.4� 2.1 15.4� 1.9 .
μe 15.4� 3.1 15.7� 3.1 0 0 5.6� 1.9 5.6� 1.9 29.1� 4.9 29.1� 4.9

Note that the results [55] in Eqs. (19) and (20) are for
l−l0þ final states and not for the sums l�l0∓ ¼ l−l0þ þ
lþl0− constrained experimentally [40]:

Br½Bþ → Kþτ�μ∓�exp ≤ 4.8 × 10−5;

Br½Bþ → Kþμ�e∓�exp ≤ 9.1 × 10−8;

Br½B → K�μ�e∓�exp ≤ 1.4 × 10−6;

Br½Bs → μ�e∓�exp ≤ 1.2 × 10−8: ð21Þ

III. PHENOMENOLOGICAL ANALYSIS

First of all, one can already derive an upper limit on LFV
B decays from B → Kνν̄ alone, simply by employing
gauge invariance [56]. As one can see from Eq. (12) the
contribution for LFV couplings can only be positive.
Therefore we can give a strict upper limit on jCμτ

9 j assuming
that all other contributions vanish [57]. We obtain jCμτ

9 j ≤
46 for our scenario 1 and jCμτ

9 j ¼ jCμτ
10j ≤ 23 for scenario 2.

This results in upper limits on the branching ratios of
b → sτμ decays:

Br½B → K�τμ� ≈ Br½Bs → τμ� ≈ 2Br½B → Kτμ�

<

�
8 × 10−5 in scenario 1;

2 × 10−5 in scenario 2:
ð22Þ

However, as we will show now, even stronger constraints
can be obtained by employing the combined constraints
from the other observables. Let us first examine the
numerical impact of the leptonic constraints. As seen from
Fig. 2, for our scenario 1 (vectorial couplings), τ → μνν̄
rules out an explanation of aμ via a nonvanishing ΓV

μτ

(contrary to claims in Ref. [58] where τ → μνν̄ was not
considered). The constraints from Z → μþμ− and Z →
τ�μ∓ as well as from neutrino-trident production (see
Ref. [59]) are irrelevant in the displayed Γμμ–Γμτ region
for the considered Z0 masses (around 1 TeV and above).
The situation is similar in scenario 2 (left-handed cou-
plings). In this case the interference with the SM terms in aμ
is always destructive, albeit small.

The most stringent constraints on the couplings ΓL;R
bs

stem from Bs–B̄s mixing. Using the 95% C.L. results on
ΔmBs

by the UTfit Collaboration [60–63] one obtains

−0.10 < ΔRBs
≡ ΔmBs

=ΔmSM
Bs

− 1 < 0.23: ð23Þ
One can now derive limits on ΓL

sb and ΓR
sb via the relation

ΔRBs
¼ aBs

M2
Z0
½ðΓL

sbÞ2 þ ðΓR
sbÞ2 − bBs

ΓL
sbΓR

sb�: ð24Þ

The coefficients aBs
; bBs

only exhibit a weak logarithmic
dependence onMZ0 (about 3% when varyingMZ0 from 1 to
3 TeV) and we use the values at MZ0 ¼ 1 TeV:

aBs
=M2

Z0 ≈ 5700 TeV−2; bBs
≈ 8.8: ð25Þ

The bounds resulting from Eqs. (23) and (24) (shown by
the blue contour of Fig. 3) are weakened if ΓL

sb and ΓR
sb have

FIG. 2 (color online). Allowed 2σ regions in the ΓV
μμ–ΓV

μτ plane
from τ → μνν̄ for ΓV

ττ ¼ 0 (blue), ΓV
ττ ¼ −2 (yellow), ΓV

ττ ¼ 2
(green), τ → 3μ (red) and aμ (light grey) for mZ0 ¼ 1 TeV. The
dependence of the bounds on the Z0 mass is only logarithmic.
Although NP effects move aμ to the right direction, it cannot be
explained within our model and we do not impose it as a
constraint later on in our analysis.
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the same sign with jΓR
sbj ≪ jΓL

sbj or jΓR
sbj ≫ jΓL

sbj, as a
consequence of cancellations in Eq. (24). At the 2σ level,
current b → sμþμ− data requires a substantial nonzero
contribution to Cμμ

9 , eliminating the option jΓR
sbj ≫ jΓL

sbj.
Figure 3 illustrates the combined constraints from b →
sμþμ− data [6,18] for different values of ΓV

μμ (scenario 1). In
principle there is no upper limit on jΓL

sbj as long as b →
sμ−μ− data permits small but nonvanishing contributions to
the primed operators C0

9 and/or C0
10 [64]. Therefore we

quantify the degree of cancellation in Eq. (24) by the
following fine-tuning measure:

XBs
¼ ðΓL

sbÞ2 þ ðΓR
sbÞ2 þ bBs

ΓL
sbΓR

sb

ðΓL
sbÞ2 þ ðΓR

sbÞ2 − bBs
ΓL
sbΓR

sb

¼ 2aBs

M2
Z0ΔRBs

½ðΓL
sbÞ2 þ ðΓR

sbÞ2� − 1: ð26Þ

Restricting XBs
to an acceptable value limits the maximal

size jΓL
sbj. As we are exclusively interested in scenarios

with Cμμ
9;10 ≫ C0μμ

9;10, we neglect ðΓR
sbÞ2 in Eq. (26) and

express ΓL
sb in terms of XBs

and ΔRBs
as

jΓL
sbj=MZ0 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ΔRBs

ð1þ XBs
Þ=ð2aBs

Þ
q

≤ cBs

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ XBs

q
:

ð27Þ

Note that we take all couplings ΓL;R
ll0 real to comply with

CP data in Bs–B̄s mixing. Using the maximal jΔRBs
j

allowed by Eq. (23), we find

cBs
¼ max

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ΔRBs

=2aBs

q �
≈ 0.0045 TeV−1: ð28Þ

Combining the bound on ΓL
bs and Eqs. (13),(18) we derive

upper limits for the coefficient Cμτ
9 :

jCμτ
9 j2 ≤ A3μ

64π7Γτc4Bs

m5
τα

4G4
FjVtbV⋆

tsj4

× maxfBr½τ → 3μ�expg ×
ð1þ XBs

Þ2
jCμμ

9 j2 ; ð29Þ

jCμτ
9 j2 ≤ Aμνν̄

96
ffiffiffi
2

p
π5Γτc2Bs

α2G3
Fm

5
τ jVtbV⋆

tsj2
× maxfΔτ→μνν̄g × ð1þ XBs

Þ: ð30Þ

For scenario 1 we obtain Að1Þ
3μ ¼ 16 and Að1Þ

μνν̄ ¼ 4, while for

scenario 2 we get Að2Þ
3μ ¼ 3 and Að2Þ

μνν̄ ¼ 1.
The bounds from τ → μνν̄ only depend on the fine-

tuning measure XBs
, while those from τ → 3μ also depend

on the value of Cμμ
9 (and Cμμ

10 in scenario 2) determined from
the fit to b → sμþμ− data. The latter bounds disappear in
the limit Cμμ

9 → 0, as in this case the Z0μμ couplings may
vanish so that the τ → 3μ decay does not receive contri-
butions from Z0 exchange.
From the upper bounds on Cτμ

9;10, we can finally deter-
mine the maximal branching ratios for the LFV B decays
with τμ final states. They are shown in Fig. 4 for scenario 1
with XBs

¼ 20 and XBs
¼ 100 (in scenario 2 they are a

FIG. 3 (color online). Allowed regions in the ΓL
sb=MZ0–ΓR

sb=MZ0

plane from Bs–B̄s mixing (blue), and from the Cμμ
9 –Cð0Þμμ

9 fit of
Ref. [6] to B → K�μþμ−, Bs → ϕμþμ− and RK , with ΓV

μμ ¼ �1

(red), ΓV
μμ ¼ �0.5 (orange) and ΓV

μμ ¼ �0.3 (yellow). Note that
the allowed regions with positive (negative) ΓL

sb correspond to
positive (negative) ΓV

μμ. The bounds are shown for mZ0 ¼ 1 TeV
but their dependence on the Z0 mass is only logarithmic.

FIG. 4 (color online). Maximal value of Br½B → K�τ�μ∓�
(red), Br½B → Kτ�μ∓� (blue) and Br½Bs → τ�μ∓� (green) in
scenario 1 as a function of Cμμ

9 for a fine-tuning of XBs
¼ 100

(solid lines) and XBs
¼ 20 (dashed lines). The bounds are shown

for mZ0 ¼ 1 TeV but their dependence on the Z0 mass is only
logarithmic.
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factor of 1=2 smaller). The kink in the curves occurs at the
point where the Cμμ

9;10-independent constraint from τ → μνν̄
becomes stronger than the constraint from τ → 3μ. One
should note that the bounds presented in Fig. 4, which are
given for mZ0 ¼ 1 TeV, have only a weak logarithmic
dependence on the Z0 mass.
Comparing these results to the experimental upper limits

in Eq. (21), we see that the current experimental sensitivity
is still 2 orders of magnitude weaker. However, LHCb will
be able to achieve significant improvements in these
channels.
In the case of μe final states, the stringent bound from

Br½μ → eγ� renders LFV B decays unobservable in the Cμμ
9

region favored by current b → sμþμ− data. For Cμμ
9 → 0,

Br½B → Kð�Þμ�e∓� can become relevant with its maximal
size being constrained to Oð10−7Þ from μ → eνν̄.

IV. CONCLUSIONS

In this article we have investigated the possible size of
the branching ratios of lepton-flavor violating B decays
Bs→τ�μ∓, Bs→μ�e∓, B→Kð�Þτ�μ∓ and B→Kð�Þe�μ∓
in generic Z0 models. Motivated by the model-independent
fit to b → s transitions, we have considered two scenar-
ios, one with vectorial (scenario 1) and another one with
purely left-handed couplings (scenario 2) of the Z0 to
leptons.
From BrðB → Kνν̄Þ one obtains limits on the branching

ratios of LFV B decays of 8ð2Þ × 10−5 for scenario 1(2)
simply by using gauge invariance. However, even stronger

bounds can be obtained by combining the leptonic
constraints with a limit on the amount of fine-tuning in
the Bs–B̄s system. For a fine-tuning of XBs

≲ 100, we have
found that still sizeable branching ratios of Oð10−6Þ are
possible in both scenarios for τμ final states, while for μe
final states they can only reach Oð10−7Þ in a region of
parameter space disfavored by the current data on
B → K�μþμ−, Bs → ϕμþμ− and RK .
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Note added.—Recently new LHCb results on Bs → ϕμþμ−
were released, increasing the discrepancy compared to the
SM to 3.5σ [65].
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