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Figure 2. Plots of ĝR exemplifying different regularization mechanisms in the neutrino sector

Finally, we shall also encounter specific regularization effects of the neutrinos, which we now
briefly explain (for details see [14, Section 4.2]). We first decompose the kernel of the fermionic
projector describing neutrinos into its left- and right-handed components as well as the scalar
component,

P ε(x, y) = χL /gL(x, y) + χR /gR(x, y) + h(x, y) . (2.53)

If the neutrinos are massless and left-handed, then gR and h are zero. In order to describe
massive neutrinos, both gR and h are non-zero (thus massive neutrinos have a right-handed
components, but it does not couple to any gauge fields, which are zero or left-handed). Fur-
thermore, we introduce a non-trivial regularization of the right-handed component gR. Here
“non-trivial” simply means that the regularization is designed with a specific purpose in mind.
More precisely, in the example of a spherically symmetric regularization, these regularization
effects are described by specific contributions to gR. They are supported on an energy scale
which is typically much smaller than the Planck energy (see Figure 2 (A)). These contributions
to gR have the form

/̂gR(k) ≍ −4π2 (γ0 + γk) ĥ1(ω) δ
(

|~k| −K(ω)
)

general surface states (2.54)

/̂gR(k) ≍ −4π2 (γ0 − γk) ĥ2(ω) δ
(

|~k| −K(ω)
)

shear of surface states (2.55)

with weight functions ĥ1/2(ω). Here the function K(ω) parametrizes a surface in momentum
space on which the surface states are supported (see Figure 2 (B)). For the shear contributions,
on the other hand, the vector field gR is no longer tangential to the mass cone, but the sign of the
spatial component is flipped (see Figure 2 (C)). These contributions to gR serve two purposes:
First, they make it possible to arrange that the EL equations are satisfied in the vacuum (com-
pensating for the fact that the masses of the neutrinos are smaller than that of charged leptons
and quarks). Second, in curved space-time they give rise to curvature contributions which yield
the Einstein equations in the continuum limit, with the gravitational constant κ given by κ ∼ δ2

with the length scale δ (which can be identified with the Planck length) as determined by the
above regularization effects.

In the formalism of the continuum limit, the regularization effects in (2.54) and (2.55) are

taken into account by factors T
(n)
[R,p] and T

(n)
{R,p} which come with corresponding computation

rules. Here we do not need to enter the details but refer the interested reader instead to [14,
§4.2.5].

3 Mathematical Setup

In this section we introduce the mathematical setup and recall a few constructions from [14].


