Fermionic Preheating: Renormalization, backreaction and initial conditions
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In this work we explain how to deal with the semiclassical equations of motion of a quantized fermion interacting
with an oscillating homogeneous classical scalar field. This kind of equations appears in fermionic preheating, where
the inflaton acts as a background scalar field oscillating around the minimum of its potential, and decays nonperturbatively into fermions due to its Yukawa interactions.
In this scenario, the most relevant physical observables are the stress-energy tensor hTµν i and the bilinear hψ̄ψi. It
is well-known that their formal expressions are divergent and one needs a renormalization prescription to obtain a
finite an well-defined result to be plugged into the semiclassical equations.
In a gravitational context, and for homogeneous and time-dependent spacetimes, a generic expression for hTµν i
was obtained for scalar fields by means of the so-called adiabatic regularizacion/renormalization scheme[1, 2]. The
method is widely used in cosmology and it turns out to be very efficient to implement numerical computations. More
recently, it has been extended to spin-1/2 fields [3, 4]. The adiabatic regularization method has also been extended for
non-gravitational backgrounds, like electric [5, 6] or scalar fields [7]. We will use a modified version of this adiabatic
subtraction scheme with scalar backgrounds in order to regularize our physical observables.
In order to solve the semiclassical (backreaction) equations in a consistent way it is also very important to fix the
initial conditions in a proper way, otherwise, unphysical ultraviolet divergences will appear in the temporal evolution.
We will discuss how to fix those initial conditions and if they are always well defined.
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