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We study the generic features of minimal gauge extensions of the Standard Model in view of recent
hints of lepton-flavor non-universality in semi-leptonic b — s¢*¢~ and b — cfv decays. We classify the
possible models according to the symmetry-breaking pattern and the source of flavor non-universality.
We find that in viable models the SU(2), factor is embedded non-trivially in the extended gauge group,
and that gauge couplings should be universal, hinting to the presence of new degrees of freedom sourcing

non-universality. Finally, we provide an explicit model that can explain the B-decay anomalies in a
coherent way and confront it with the relevant phenomenological constraints.
© 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Low-energy experiments have been crucial in the development
of the current Standard Model (SM) of electroweak interactions,
based on the gauge group SU(2); ® U(1)y. The structure of the
SM electroweak theory was beautifully revealed by a large variety
of experimental observations at low energy, together with require-
ments of a proper high-energy behavior of the theory. In particular,
the intermediate vector bosons W=, Z were predicted theoretically
before their experimental discovery. Precision experiments at low
energies continue providing important information about the pos-
sible ultraviolet (UV) completions of the SM, and New Physics (NP)
might be revealed again first through the precision frontier.

Currently there are two sets of interesting tensions in B-physics
data:

1. In 2012 the BaBar Collaboration reported deviations from
lepton universality at the 25% level in the exclusive semileptonic
b — c decays, through a measurement of the ratios

I'(B— Dtv) sm

RD)=——— " 20297+0.017, (1)
(B — Dev)
I'(B — D*

R(D*) = LB = D™TV) v 559 10,003, (2)
I'(B— D*(v)
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with ¢ =e or . The measured values by BaBar [1], R(D) = 0.440+
0.072 and R(D*) = 0.332 + 0.030, show an excess with respect
to the SM of 2.00 and 2.70 respectively [1-3]. The Belle Col-
laboration reported a measurement of these ratios in 2015 which
showed a slight enhancement with respect to the SM, R(D) =
0.375 + 0.069 and R(D*) = 0.293 + 0.041 [4]. The LHCb Collab-
oration also measured R(D*) = 0.336 + 0.040 [5], representing a
deviation from the SM at the ~ 20 level. Very recently, the Belle
Collaboration has presented a new independent determination of
R(D*) |6] which is 1.60 above the SM and is compatible with all
the previous measurements: R(D*) = 0.302 £ 0.032.

2. The LHCb Collaboration has provided as well hints for flavor
non-universality (FNU) in b — s¢* ¢~ transitions. The ratio [7]"

B — K:LL+/L7) SM 2 2
Rg=— 0 2 My 0 , 3
K= T@B S Ketey LT O0mu/mp) 3)

was measured in the low-q? region g% € [1,6] GeV? obtaining

R = 0.745f8:8?2 4 0.036 [8], which represents a 2.60 devia-

1 We note that electromagnetic corrections to this ratio are expected to be of
order o log(m2 /m?) ~ 8%. These logarithmic terms could also be enhanced by non-
perturbative effects of order log(A/mp), and/or large “accidental” numerical factors.
The experimental analysis takes into account part of the final-state radiation, but
a consistent study of electromagnetic effects is still lacking. In addition, in the
presence of flavor-non-universal new physics, hadronic uncertainties in Rk are not

suppressed by m2 /m?, but only by (1— RE").
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Fig. 1. Tree-level contributions to b — ctv and b — su™ ™ transitions from hypo-
thetical heavy W', Z’ gauge bosons.

tion from the SM. Other anomalies have also been observed in
B— K®putu= [9,10], and Bs — ¢t~ [11]. The exact signifi-
cance of the discrepancy with the SM in the latter modes depends
on the treatment of hadronic uncertainties [12-15], but there is
general consensus that sizable NP contributions (~ —25% of the
SM) to the effective operator (Sy® Prb)(iiyyt) improve the agree-
ment with current data considerably [16-22]. One key observation
is that the b — su™u~ and Rx anomalies are exactly consistent
with each other if one assumes no NP in b — seTe™ [21].

A simultaneous explanation of the b — ctv and b — s¢te~
anomalies has been initially discussed in Ref. [23] within an ef-
fective theory (EFT) point of view, building on the idea of Ref. [24]
that non-universality in Rg could be due to NP coupling predom-
inantly to the third generation. This EFT approach was followed
later in a series of works [25-27]. Scalar and/or vector leptoquarks
as well as a SU(2); triplet of massive vector bosons coupled pre-
dominantly to the third fermion generation were considered in
these works as possible dynamical realizations [25,26]. The possi-
bility of a leptoquark origin for these anomalies was subsequently
explored in more detail in Refs. [28-33], making also interesting
connections to other possible phenomena such as neutrino masses.

In this work we assume that the b — ctv and b — s¢t¢~
anomalies arise from tree-level exchange of massive vector bosons
(see Fig. 1). Such states could appear as heavy resonances associ-
ated to a strongly coupled dynamics [34]. One could also consider
a scenario where these heavy vectors arise as mediators of a per-
turbative short-range force.

Thus, in this work we discuss possible realizations of this idea
in a minimal setting, by extending the SM gauge group with an
additional SU(2) factor. The spontaneous breaking of the enlarged
gauge symmetry down to the electroweak group is supposed to
occur around the TeV scale, giving rise to heavy W’ and Z’ gauge
bosons that can mediate b — ctv and b — su™ ™ transitions as
in Fig. 1. By searching for viable models of this sort, we will see
that these are restricted to be of a particular type (see Section 3).
In Section 4 we construct an explicit model of this type. We iden-
tify gauge-mixing as a relevant issue for gauge models addressing
the B-decay anomalies. This is discussed in Section 5.

2. Interpretation of B-decay anomalies

Measurements of decay rates as well as differential distribu-
tions in the transferred momenta and angular variables can be
used to gain information about the underlying dynamics responsi-
ble for these flavor anomalies. We make the following observations
based on current data:

e An analysis of the q> = (pg — ppw)? differential distribution
in b — ctv decays by BaBar is compatible with an electrically
charged spin-1 mediator as an explanation of the R(D®)) ex-
cess [35].

e Current data is compatible with the hypothesis of a univer-
sal scaling for R(D) and R(D*). This dynamical feature ap-

pears automatically for a left-handed charged current interac-
tion [23].

e Anomalies in b — st~ transitions together with Ry can be
explained by the presence of a heavy neutral vector boson me-
diator with flavor changing couplings of the form (sy“P;b)Z,
with either vectorial or left-handed coupling to muons [14,
16-19,21,22].

Non-abelian gauge extensions of the SM often introduce mass
mixing in the gauge sector. The latter typically appears when
scalars fields responsible for the breaking of the electroweak sym-
metry are also charged under the extended group. In the presence
of such mixing the W and Z couplings receive corrections of or-
der vz/M‘z/V, 2» With additional parametric suppressions possible
but model dependent. This implies that new physics contribu-
tions from the tree-level exchange of a heavy vector boson and
those due to gauge mixing effects (W and Z mediation) are po-
tentially of the same size. This is the case for AF =1 transitions
and charged-current processes which arise at tree level in the SM.
For AF =2 transitions, gauge mixing effects will enter with a rel-
ative v2 /M%, suppression at the amplitude level compared to the
tree-level exchange of a heavy Z'.

Another important aspect to note is that AF =1 ratios probing
LFU violation such as Rx have a small sensitivity to gauge mixing
effects, contrary to their charged-current counterparts, R(D™) or
I'(t — uvv)/I'(t — evv). The underlying reason being that the
required gauge boson couplings are already present in the SM for
the case of charged-current processes.

3. Gauge extensions with lepton non-universality
3.1. General considerations on model-building

A common explanation of universality-violating hints in the de-
cays b — ctv and b — s¢*¢~ poses serious challenges for model
building. This is mostly because the NP mediators responsible for
such processes would have to act at tree level. Indeed, the semilep-
tonic decays B — D™ty are charged current processes which
arise at tree level in the SM. Since the observed deviation from
the SM prediction is quite sizable, O(25%), this strongly suggests
the presence of tree-level charged mediators. The same applies to
the decays B — K®¢t¢~ even though they are due, in the SM, to
neutral current processes arising at one-loop level. The large devia-
tion from the SM, again O(25%), would imply a very light mediator
if the new interactions followed the SM pattern. Such a light medi-
ator, O(Mz), would be hard to hide from other flavor observables
which are in perfect agreement with the SM as well as from direct
searches for new states at high energy colliders such as the LHC.

We assume from now on that the anomalies Rx and R(D®™)
are genuine and due to new gauge bosons entering at tree level.
We are therefore looking for a non-universal gauge extension of
the SM which could explain both anomalies at the same time. We
will be interested in scenarios where new physics effects in the
lepton sector affect mainly the muon and tau leptons.

There are essentially two strategies to follow in constructing
non-universal gauge extensions of the SM:

> Non-Universality from gauge couplings (g-NU):

via a non-universal embedding of SM fermions into a larger gauge
group, or

> Non-Universality from Yukawas (y-NU):

through non-universal interactions between SM fermions and extra
particles which are universally coupled to new vector bosons.
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This means that, in general, non-universality is either controlled
by Yukawa couplings or by gauge couplings. Of course, one can al-
ways mix these two approaches, however we keep them separated
for the sake of clarity and to gain insights based on generic con-
siderations.

For simplicity and definiteness, we will focus on implementa-
tions where the gauge extensions consist of SU(2) and U(1) factors
only. The minimal possibilities are denoted generically as G(221)
models. In addition to the source of non-universality, G(221) mod-
els can be classified according to the gauge symmetry-breaking
pattern. We distinguish two broad categories:

> L-Breaking Pattern (L-BP):

For this breaking pattern the U(1)y group appears from a non-
trivial breaking of the extended group:

SUR2), ®@SUR)y @ U1y — SU2) ® U(Dy
> Y-Breaking Pattern (Y-BP):

The SU(2), factor is non-trivially embedded in the extended gauge
group and arises from the breaking pattern:

SU2); ® SU2), ® U(1)y — SUR); @ U(1)y

We now proceed to reviewing the viability of the different pos-
sibilities that are available in our classification.

3.2. Non-universality from gauge couplings

> Breaking chain L-BP: A model within this scenario was already
presented in Ref. [36] to explain the R(D™) anomalies. However,
just with the SM particle content one can only couple right-handed
fermions to the extra gauge group, making it unable to accommo-
date Rg.

> Breaking chain Y-BP: This model has been studied in Refs.
[37-39]. In this scenario it is only possible to reproduce the de-
sired non-universal Z’ and W’ couplings to leptons if the gauge
coupling hierarchy g, > g1 ~ g is enforced, with a single SM fam-
ily coupling to SU(2),. However the large g, limit has to face
constraints from rapid proton decay and perturbativity. Instanton
mediated processes will, in general, induce proton decay when a
single SM family is coupled to a non-abelian gauge group, set-
ting a bound on the gauge coupling: g3 (M%,) < 1.3-1.6, depend-
ing on the parameters of the model [40,41]. This bound can be
circumvented by introducing extra fermions that couple to this
gauge group, such as vector-like fermions. However, even in this
case perturbativity sets an upper bound on the gauge coupling of
82 (M%) < V4w ~3.5. Given these limits, it is not possible to re-
produce the requested hierarchy on the lepton couplings, making
this framework disfavored for the simultaneous explanation of Ry
and R(D™).

3.3. Non-universality from Yukawa couplings

Here new vector-like (VL) fermions, charged universally under
a new force to which the SM fermions are neutral, are Yukawa-
coupled to the SM quarks and leptons. The effective coupling of
the SM with the new bosons is achieved via mixings with the VL
fermions and is hence controlled by the Yukawas, which can be
in principle adjusted to get the desired flavor textures. In general
these mixings will also modify the SM gauge and Higgs couplings.
However one can charge the VL fermions under the gauge group
in such a way that GIM protection is enforced at the scale of the
first symmetry breaking, making these deviations sufficiently small
to avoid experimental constraints.

Table 1

Summary of model building possibilities for G(221) models: source of flavor non-
universality (NU) versus symmetry-breaking patterns (BP). Blocks denote scenarios
which are disfavored as an explanation of the B-decay anomalies while a star de-
notes a viable framework.

L-BP Y-BP

g-NU M No left-handed currents
y-NU M No GIM

M perturbativity

This translates in the two breaking patterns we are considering
as follows:

> Breaking chain L-BP: In order to obtain an effective coupling
W’* to left-handed quarks, it is necessary to add VL quarks which
mix with the SM weak quark doublet. The electric charge formula
of this breaking chain is:

Q =Ts3, + (T3, + H), (4)

where T3, (T3,) and H are respectively the isospin under SU(2);
(SU2)y) and the U(1)y charge. Since the SM fields are neutral
under the new SU(2)y interactions, U(1)y charges coincide with
the standard hypercharges. In order for two new quarks, Q, and
Q. to couple to W'* they must belong to the same SU(2)y mul-
tiplet and their isospin must satisfy |T3,(Qp) — T3,(Q¢)|=1. On
the other hand, to preserve the GIM mechanism in the presence of
the new mixings the new quarks must have the same SM quantum
numbers (T3, and Y = T3, + H) as the SM quarks with which they
mix [42]. These two requirements are in conflict with each other
and so we conclude that models of type L-BP cannot account for a
unified description of R and R(D®™).

> Breaking chain Y-BP: The product SU(2); ® SU(2), can be broken
to the diagonal SU(2); by a Higgs bi-doublet. This specific type of
breaking allows for both couplings to W’ and GIM suppression. It
is enough to charge SM fermions under one of the two SU(2)’s, say
SU(2),, and copy the exact same assignments for the vector-like
fermions. This is the scenario we deem more promising for the
simultaneous explanation of b — s¢*¢~ and b — ctv anomalies.

3.4. Summary

In summary, restricted to minimal gauge extensions we have
found four broad classes of models that lead to flavor non-
universality and can potentially address the flavor anomalies. These
classes depend on the breaking pattern (L-BP or Y-BP) and the
source of flavor non-universality (g-NU or y-NU). Table 1 summa-
rizes our main conclusion: that the most promising candidates are
gauge extensions where gauge couplings are universal and non-
universality arises from Yukawa couplings of the SM fermions with
a set of new vector-like fermions.

4. A model example

In this section we construct, as an explicit example, a model
of the type y-NU/Y-BP. We consider the gauge group SU3). ®
SU2); ® SU(2), ® U(1)y, with coupling constants denoted by
(gs, 21, 82, &) respectively. We consider also two scalar fields
transforming as:

¢=01.1,2)1,,

We assume a scalar potential leading to the following vacuum-
expectation values:

1 /0 1/u 0

®=(1,2.2),. (5)
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Table 2
Particle content of the model, added fields to the SM are shown in gray.
generations SU@B3)¢ SU2)4 SU(2), U(l)y
¢ 1 1 1 2 1/2
@ 1 1 2 2 0
qL 3 3 1 2 1/6
ug 3 3 1 1 2/3
dr 3 3 1 1 -1/3
0 3 1 1 2 -1/2
eR 3 1 1 1 -1
QLR nyL 3 2 1 1/6
LL,R nyL 1 2 1 —]/2

with v >~ 246 GeV and € = v/u < 1 (typically u ~ TeV). The re-
sulting symmetry-breaking pattern is given by

SUR); ® SUR); ® U1y = SUR); ® U1y = U(D)em

This breaking leads to a spectrum with a massless photon, two
neutral Z, Z’ bosons with masses M2 =~ v2(g%+g"%)%/4 and M2, ~
u(g? + g2)/4, and two pairs of charged bosons W%, W'* with

masses M2, ~v2g?/4 and M2, ~ M2,. Here g =g182/,/83 + 8.

In order to source FNU from Yukawa couplings, we introduce, in
addition to the SM fermion content, ny; generations of VL fermions
transforming as

Qr=@3,2,1)15, Lir=1,2,1)_q)5. (7)

It can be shown that the requirements of (i) no W’/Z’ couplings
to electrons, and (ii) lepton non-universality between wn and 7,
imply that ny; > 2. Indeed, the first requirement introduces three
non-trivial conditions on the Yukawa couplings between the chiral
leptons and the vector-like leptons which fix these completely and
leave no room to satisfy the second condition. In what follows, we
take the minimal possibility and fix ny. = 2. The complete particle
content of the model is summarized in Table 2.

The Dirac masses of the VL fermions are assumed to be around
the symmetry breaking scale u ~ TeV. In this scenario, the cou-
plings of Z’, W’ bosons to right-handed SM fermions are sup-
pressed by ~ mzf/vz, with m; the mass of a SM fermion, and
can be neglected for the couplings we are considering. Left-handed
SM fermions have anomalous flavor-changing couplings to Z, W of
O(€?) due to gauge mixing effects, and O (1) couplings to Z’, W'.
The part of the Lagrangian describing these interactions is:

2 £85
Jan?
£82
V2g1

0L =—

[(VAq)UW“’uLy"dj +(A ),]W’+uLy“zf] +h..

nag5
-~ 2 AV Zuiy ] — (A Zudiy*d]
1

— @Dyzu@ye] —vjyv)]
giz [(VAqVT)UZ/ iyl — (D z,diytd]

— (aDyz, @y —viyo)]. (8)

where n? = g2 + g3 and n3 = g% + g2 V is the CKM matrix,

and (1 — A‘LI’() ~ (Au/M)? are hermitian matrices in flavor space,
with A the Yukawas that couple SM and VL fermions, and M the

[(VA WLy d] + (AD WD yW]Jrhc.

masses of the VL fermions. The NP contributions to the relevant
four-fermion operators are given by:

W = zgz (VADG(ADap (@ yud)) @y vd) +he., (9)
M2,

[,GMz— gz
¢ 2M2,
x(uLde )(eay"“vL)~|—hc (10)
22

[ - (vaDise = Viy(ADa |

Llne =~ (ADap [(A )ij (dLVlLd{)

W
— v alvhy @y |(Byre - viyg), an
§2

£R8e ==y b [ (D @iy = vV ALYy @) ]
x (2shy Sy et — Byreh + vfy o). (12)
o2

/ g
['iF=2 = T on2
8M2,

+[v Al Vv P (13)

[[ahy@yud)]?

where g = gg,/g1. Here we have separated explicitly the direct
contributions from W’/Z’ exchange from those due to gauge mix-
ing (GM) effects. There are no contributions to £Lar—p from gauge
mixing at order €2. This is also true for lepton-flavor non-universal
ratios of FCNCs, such as Rk, as can be seen from the &y, prefactor
in Eq. (12). However, in the case of lepton-flavor non-universal ra-
tios in charged-current processes, such as R(D™), additional con-
tributions from W-W’ mixing encoded in Eq. (10) are present. The
effective Lagrangian for leptonic decays is given in the Appendix.

The conclusion of this section is that the model-building guide-
lines discussed in Section 3 result in models with the structure
needed to address the anomalies. However, we find additional ef-
fects from gauge mixing that are typically of the same order as
the direct contributions from heavy-boson exchange. These contri-
butions have the potential to spoil the flavor patterns needed to
explain the B-decay anomalies.

5. Relevance of gauge mixing

When present, the size of mass mixing effects in the gauge
sector is intrinsically connected to the hierarchy between the elec-
troweak scale and the scale of breaking of the extended gauge
group “u”. The gauge boson mass matrix receives contributions of
order u W’2, v2W?2, v2W W’ giving rise to corrections of the elec-
troweak gauge boson couplings of order vZ/u?. This is what occurs
for example in the model presented in Sec. 4. Parametrical sup-
pressions of the mass mixing term can be engineered in principle
by considering a more involved symmetry breaking sector.

In this section we discuss the most relevant issues associated
with gauge mixing effects when trying to account for the B-decay
anomalies in the gauge framework of Sec. 4.

>Bounds from Z and W -pole observables: Corrections to the elec-
troweak gauge boson couplings to fermions are constrained at the
per-mille/few percent from electroweak precision data collected at
the Z and W-pole in the LEP experiment [43,44]. Note that when
the symmetry breaking scale of the extended gauge group is of the
order of the TeV scale, the natural suppression provided by the hi-
erarchy of scales v2/u? is typically enough to satisfy such strong
bounds.
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> Flavor structure/patterns: The main idea behind the explanation
of B-decay anomalies in this setting is that flavor patterns of the
UV dynamics are imprinted on the low energy effective Lagrangian
describing flavor transitions. This amounts to the idea that flavor
textures and/or hierarchies in the Az’z couplings of Eq. (8) can be
linked to information gathered in low-energy experiments. Gauge
mixing effects however make the connection non-trivial. The low-
energy effective Lagrangian in Eqs. (9)-(12) contains contributions
due to gauge mixing which alter the flavor structure of the NP ef-
fects at low energies. We illustrate this feature with two examples:

(i) Fixing A‘Z’Z to be non-vanishing only for the second and
third generations can be motivated by: the strong constraints
on light-quark meson systems and electrons, and, the fact that
the observed B-decay anomalies only requires NP affecting these
fermions. One would have then vanishing NP contributions at tree
level to T'(P — uv)/T'(P — ev) (with P = 7, K) from the W’
exchange. Gauge mixing effects would however introduce NP cor-
rections to these observables via W-boson mediation. The same
occurs for pu — evv.

(i) The usual relation SC)T = —8CN\F associated to purely left-
handed Z’-mediated FCNCs can receive significant corrections.
Tree-level contributions from the Z-boson give corrections of or-
der v2/M2, to these Wilson coefficients with [§C)T| < [SCN| due
to the accidental suppression of the vectorial Z coupling to lep-
tons.

> Suppression of gauge mixing effects: In the model of Sec. 4,
such suppression could appear in certain regions of the parameter
space if the scalar sector is extended by a complex scalar field with
the following SU(3) ® SU(2); ® SU(2), ® U(1)y quantum numbers
¢'(1,2,1)1,2. Gauge mixing effects at low energy will depend on
the ratio between the vacuum expectation values of ¢ and ¢’, here
denoted as tanp = vy /vy . Effectively, one can account for these
changes by multiplying the right-hand side of Eq. (10) and Eq. (12)
by the factor

2
¢ = (sinz(ﬂ) - g—; cosz(,B)> . (14)
&2
The effects of gauge mixing in flavor transitions are then sup-
pressed in this scenario for tan(g8) >~ g1/gz. In the limit of van-
ishing mass mixing in the gauge sector, the structure of the low-
energy effective Lagrangian relevant for flavor transitions reduces
to Eq. (9) and Eq. (11).

To evaluate the impact of gauge mixing effects on flavor tran-
sitions, we perform a global fit of electroweak precision and flavor
data, including:

e Bounds from Z and W pole observables, using the results pro-
vided in Ref. [45].

e Tests of lepton universality violation in tree-level charged cur-
rent processes: £ — £'vv, /K — ¢v, T — w/Kv, Kt — m v,
D — K¢v, Dg — ¢v, B— D™¢v and B — X.Lv [46,47].

e |AF|=1,2 transitions in the b — s sector receiving NP con-
tributions at tree level in our model from the exchange of the
massive neutral vector bosons. We treat b — s¢7 ¢~ decays us-
ing the results of Ref. [17] and we use inputs from Ref. [48]
for B-meson mixing.

e CKM inputs from a fit by the CKMfitter group with only tree-
level processes [49], as used in Ref. [48].

e Bounds from the lepton flavor violating decays t — 3u and
Z — T [46,47].

We have fixed A‘l’e to be non-vanishing only for the second and
third generations in the fit. Our best fit regions in the R(D*) — Ry

T T T T T T
1.2+ B (=0 (95% CL) HH
B (=0 (68% CL)
11 ¢=1(95% CL) [1
Lo SM (20) B (=1(68% CL)
0.9+ ]
S
0.8F g
0.7+ g
0.6 8
1 1 1 1 1

g5 1
O'()".23 0.25 0.27 0.29 0.31 0.33 0.35
R(D™)

Fig. 2. Preferred allowed regions in the R(D*) — Rk plane at 68% and 95% CL from
the global fit. Experimental values for these observables are also shown at 1o (dark-
band) and 20 (light-band). The best fit points are illustrated with a star. The SM
prediction is also shown at the 2o level.

plane are shown in Fig. 2 for the two benchmark values ¢ =0, 1
of the parameter that controls the size of gauge mixing effects.
Allowed regions at 68% and 95% CL in the case of ¢ =1 do not
show any significant deviation from the SM in R(D*) while R is
compatible with the LHCb measurement. In the case of vanishing
gauge mixing, ¢ =0, a joint explanation of the B-decay anomalies
becomes possible as R(D*) can receive a significant enhancement
compared to the SM. Note that in our model R(D*) and R(D) have
the same NP scaling since the W’ has left-handed couplings to
fermions.

6. Conclusions

New Physics models with vector-boson triplets are potential
candidates to accommodate the anomalies in b — cfv and b —
s¢f. It has been shown that effective models with generic con-
tributions to dimension-six operators, as well as more concrete
dynamical models, can fit the anomalies while satisfying stringent
constraints from flavor-universality. The question is whether one
can build concrete gauge models of this sort.

We find that minimal gauge extensions of the SM leading to
heavy gauge-boson triplets must be of a very particular type in or-
der to address the B-decay anomalies and at the same time satisfy
other constraints such as perturbativity, GIM suppression, or pro-
ton decay. We identify a viable class of gauge extensions in which
the SU(2); factor is embedded non-trivially in the extended gauge
group. Flavor non-universality is sourced by Yukawa couplings to
additional matter fields, such as VL fermions.

We have built a concrete model and checked that it reproduces
the correct patterns for the dimension-six operators related to the
anomalies. We have identified the issue of gauge mixing as a rele-
vant obstacle towards a joint explanation of the B-decay anomalies
in the context of gauge extensions of the SM. The impact of these
mixing effects on the explanation of the B-decay anomalies is il-
lustrated in Fig. 2.

We find that a joint explanation of the B-decay anomalies is
only possible within the proposed gauge framework when gauge
mixing effects are suppressed. This is achieved via a non-trivial
tuning between parameters of the scalar and gauge sector.

If lepton-flavor non-universality is established through more
precise measurements in B decays and a more thorough examina-
tion of theoretical uncertainties, this could be the first indication
of an extended gauge symmetry, such as the one presented here.
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Appendix A. Effective Lagrangian for leptonic decays

_The effective Lagrangian for lepton flavor violating decays £, —
Lalclc is given by

o2
g - _
Lirv == o (ADan(ADec (v €1) (6 " €)
W/
o2
g _ _
~ st = DD (8 ) (T v# )
W/
8 o a0 (7, ) (7
EYY? s (Apab ( LV EL) (Cry™eR) - (A1)
W/

Here we have included the effect of the doublet ¢’ on the gauge
mixing through the parameter ¢, see Eq. (14). For leptonic decays
conserving lepton flavor ¢ — £y v, the effective Lagrangian is

L = = | [20ADaa(ADes = (A (A]ea]

2,
— 2 [aa(AD)en + 8en (M|} (Byitd) (77701
(A2)
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