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We are considering standard model of particel physics, including
gravitation, such that the action respects local scale invariance :

Scale invariant Standard Model



The scale transformations can be seen as the product of general co-
ordiante transformations and the following set of transformations,
called Pseudo Scale transformations,

Hence as long as general covariance is preserved, pseudo-scale
invariance is equivalent to local scale invariance.



Localization of this scale transformation introduces a vector field, Sμ .

Correspondingly, we covariantly change the derivatives of the fields and
metric due to this local symmetry as follows:

,

And under scale transformation,

The transformation properties of fermion fields are deduced from the
Dirac lagrangian in curved space time.

It can be shown that the Dirac lagrangian remains the same even after
these substitutions. So, Sμ does not interact with any of the leptons or
quarks, etc..



Let us consider the scale invariant lagrangian for a real scalar field as
follows :

where, .

Here we considered a real scalar field, instead of Higgs field, as a
prototype, to study the cosmological implications of scale invariant
gravitational action.

The model



Now, taking the variation of the above action gives us the modified
Einstein’s field equations and the equations of motion of the scalar and
vector fields respectively as follows.

Modified Einstein’s field equations :

Field equations and EOMs



Equation of motion for the scalar field :

Equation of motion for the vector field :

The symmetry is broken through cosmological symmetry breaking.
Here we assume that, at leading order, all the fields are independent of
space coordinates and depend only on time. In this case the equations
simplify considerably for,





Cosmological solution













Cosmological evolution of different 

components including radiation





As seen here, the vector field
undergoes rapid oscillations
depending on its mass:
higher the mass(k), higher
the frequency of oscillations
and vise versa.



Conclusions
 In the present work, a locally scale invariant generalization of GR has
been analyzed.

 The symmetry is broken by a recently introduced mechanism called,
cosmological symmetry breaking.

 The equations of motion lead to a small, but non-zero, cosmological
constant or Dark energy.

 The cold dark matter arises in the form of vacuum oscillations of the
Weyl’s gauge field.

 A numerical study has been carried out and the standard LambdaCDM
model paradigm has been reproduced.
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