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Summary. — We present a general EFT framework based in U(2)" flavour sym-
metry applied to the light generations of SM fermions to address the hints of Lepton
Flavour Universality violation in B decays observed in the recent years. In particular
we analyse the constraints from the low energy observables in B and 7 physics. We
show that a consistent picture can be achieved introducing a moderate fine tuning
and additional dynamical assumptions which aim to the New Physics (NP) being
coupled mostly to the third generation of SM fermions.

1. — Introduction

The data collected in the recent years by LHCb, BaBar and Belle point to a few
anomalies in B decays. Concerning the charged current b — ¢/, the universality ratios
Rp(+ show a discrepancy with respect to the theory predictions [1,2] of about 4o [3].
As regards the Flavor-changing neutral currents (FCNC) b — sfT¢~, the universality
ratio Ry is found in disagreement with the standard model prediction [4] of 2.60 [5].
Moreover, looking at exclusively the b — su™u~ data, further discrepancies are found.
The most significative one is represented by the so-called angular observable P, which
differs from the SM prediction of about 3o [6].

These anomalies triggered many attempts of being addressed through the presence of
NP. The features of the hypothetical NP sector are well defined:

e it has to modify both charged and neutral currents;
e it couples mainly to the third generation of quark and leptons;

e the naive effective scale of NP required to explain Rp.) and the b — séf data are
substantially different, since in the SM the former process arises at tree level while
the latter is generated at least at 1 loop. Qualitatively the effective scale A required
to address Ry it is A ~ 1TeV, while to fit for Ry it is A ~ 10 TeV.

If a model-dependent approach to address the anomalies depends highly on the dif-
ferent assumptions behind the model itself, an EFT analysis is much more powerful. In
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fact, it allows to derive model-independent constraints on NP arising from the anomalies.
Of course, the only EFT is not enough, we need also to assign a flavour group which
enhances the interactions of the NP with the third generation of both quarks and leptons.
Our choice is introducing a U(2)™ flavour group, which is described more in details in
the next section.

2. — An EFT based on the flavour symmetry U(2)"

The EFT we want to build is made up by the following ingredients: the SM field
content, the SM symmetry (SU(3). x SU(2)r x U(1)y) and a global flavour symmetry
Gfavour- We can decompose the global flavour symmetry as

(1) gﬁavour = U(2)q X U(2)é X gR~

The SM left-handed fermions are singlets under G, while their transformation properties
under U(2), x U(2), read

@ q;, =(1,1), Q=(ar.qz) = (2.1),
63 =(1,1), L=(;,07)=(1,2),

where with ¢} and /7 we indicate the SU(2);, doublet associated with the 4 family,

respectively, of quarks and leptons. Concerning the right-handed fermion of third gener-

ation, they are singlet under the complete flavour symmetry Ggavour, while for the light

generation we assumed a MFV structure [7].

In order then to get the interactions of interest to fix the anomalies, the flavour
symmetry must be broken. One way of doing that is introducing two spurions, Vg in
the quark sector and V7, in the lepton sector. They transform under U(2), x U(2), as
Vo ~ (2,1), and Vi, ~ (1,2), while they are singlets under Gg. The structure of Vg can
be linked with the CKM matrix up to an overall normalisation, while we can choose to
align Vi, completely to the muon direction. Moreover, as regards the quark sector, we
choose to work in the down-quark basis.

3. — Observables and results

Several observables are concerned in this framework and for a complete analysis we
refer to [8]. A summary can be found in table I. The main conclusions that we draw are
the following:

e The operators that modify the b — ¢77, current have a V-A structure as in the
SM, while the contribution of scalar operators can be considered negligible.

e The operators that modify the b — cfv,, with £ = e, i are negligible.

e The running effects described in [9] affect mainly the decay 7 — pv,;7,: we impose
a O(10%) cancellation between the NP Wilson coefficients and the running effects.

e The B, 4 mixing imposes a well-defined alignment in flavour space, which we can
quantify with a O(10%) tuning.

e We expect a tension of O(1%) in the |V, 5| determination from 7 and K decays.
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TABLE 1. — Most relevant constraints on the Wilson coefficients. In the last two columns we
report the parametric scaling of the (leading) Wilson coefficients and the order of magnitude
following from the overall EFT scale and the choice of the €; reported in egs. (3), (4).

Process Combination Constraint Parametric Order of
scaling magnitude
Ry R(CH, + Vo, Cfy 1) 0.09 £ 0.04 1 107!
B — Duw, R(CGs + V. Cly ) —(0.842.5) x 1072 (€9)? 1072
T — uvv R(CEL) —(1.240.5) x 1072 (¢£)?rq 1072 rye
R7/ . _mé?fi\;:%j/vmﬂ (0.7 +0.4) x 1072 (€2)2 <1072
14 0 2

Z:’g“;e ZLCf;élierzj;;l/j <32x107% | (el m)?rar] 1073( 5 )ree
T — pu (Al <14x107 Glel)? | <107
T —wp [EAIA <32x10°" alel)? | <1073
B — Kup R(CI, — CY) (2.2 4+ 4.5) x 102 ¢ 10-2( 1)
B~ B’ |C& + Cég <042x107° ()’ 10*3(;31)2@1
B— K®up R(CI, + CL,) —(0.840.3) x 1073 € (eh)? 1073 (<2

R(CI5) —(044£03) x 1072 € (eh)?

By — T |Cd, + 4| <4.5%1072 el 10—3(f§ié)

Furthermore, for our framework to be consistent, we need to justify the hierarchy between
the various Wilson coefficients associated with the operators that we introduced. To be
able to do so, we can get inspired by dynamical assumptions, according to which the
new sector couples directly to quarks and leptons of the third generation, while the
interactions with the light families happen only through small mixing angles. This can
be achieved by re-scaling the fields associated to light generations of leptons and quarks
if they appear in the operators without a spurion, as in the following:

(3) L—éL, Q—€qQ, Er — €L ER.

Also, concerning the size of both lepton and quark spurions, we implement the following
rescaling:

(4) V=€, Vol = elVisl-

As can be seen from the last column of table I, the re-scaling allows to motivate the
hierarchy of the Wilson coefficients.
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Finally we can check if our analysis fits the global fits to b — s£¢ data. In order to do
so we need to introduce new operators, which arise at least at the order O(|V;|?|Vg]). In
fact, only at this order in the spurions we can distinguish the muons and electrons final
state at the tree level. If we now take into account the most favoured benchmark of the
global fits C)'F = —CNF ~ —1 [10], the central value of R can be obtained consistently
with the parametric scaling introduced previously, without adding any further source of
fine tuning.
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