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Introduction

The Standard Model (SM) of particle physics has been producing reliable
estimates to a high precision level in the last decades. Moreover, the discovery
of a scalar boson identified by the singlet component of the SM Higgs doublet,
together with the fact that no Beyond Standard Model (BSM) particle has
been detected so far, suggests that the New Physics (NP) scale Λ can be
placed above the electro-weak symmetry breaking (EWSB) scale.
Therefore, an effective field theory built solely using the SM fields, called
Standard Model Effective Field Theory (SMEFT), can be used to describe
the low energy limit of BSM physics. This theory should be written adding
to the renormalizable SM interactions further terms of higher dimensions,
suppressed by suitable powers of the scale Λ. The schematic Lagrangian is

LSMEFT = LSM + L5 + L6 + . . . . (1)

In L5 there are only the seasaw terms, which can be used to provide masses
to neutrinos. Assuming the conservation of baryon number, in L6 there are
59 operators, many of which have flavor indices (explicitly taking them into
account, the number of operators grows up to 2499); a complete list can
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be founded in [1]. The full one-loop anomalous dimension matrix needed
for renormalization group evolution (RGE) of the dimension 6 operators has
been recently computed [2, 3, 4]; several entries have been found to be of order
1, therefore suggesting a relevant mixing between some of these operators.
The full one-loop RGE of the independent set of dimension 6 operators can be
used to interpret any pattern of deviations in SM processes. These operators
are in fact integrated out of the theory at the NP scale, in such a way
that there is no evident sign of their presence at the EWSB scale; however,
when these operators are renormalized, their mixing with different operators
induces the presence of logarithmically enhanced terms at the EWSB scale.
In order to take these terms into account, it is necessary to compute the
correspondent Wilson coefficients (WC) at the NP scale and evolve them at
the EWSB scale using the RGE equations. Hence, any pattern of deviations
in SM processes can be interpeted as an effect of the WC associated with
dimension 6 operators, properly evolved at the low scale.

Project

In my PhD thesis I will study phenomenological implications due to the effect
of dimension 6 operators. I will be primarly focusing on flavour observables:
while there have already been some studies in this field (namely concerning
the µ → eγ decay [5] and the b → s and b → c transitions [6]), a systematic
approach is still lacking.
As a first step of my project, I’m recomputing the RGE from [2, 3, 4], in order
to check the correctness of their results. Moreover, at the low scale there are
also contributions steaming from the finite parts of the one-loop diagrams
involving dimension 6 operators that are yet to be computed: my next task
will be the computation of such contributions. Once this contributions will
be known, I’ll start developing a systematic way to take into account the
effect of dimension 6 operators in flavour phenomenology.
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