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And other connections between perturbative quantum field theory and primordial

cosmology, such as the possibility of viewing inflation as a renormalization-group flow

- D. A., E. Bianchi and M. Piva, Predictions of quantum gravity in inflationary cosmology: effects 

of the Weyl-squared term, J. High Energy Phys. 07 (2020) 211 and arXiv:2005.10293 [hep-th]

- D.A., Cosmic inflation as a renormalization-group flow: the running of power spectra in quantum gravity, J. 

Cosmol. Astropart. Phys. 01 (2021) 048 and arXiv: 2007.15023 [hep-th]

- D.A, High-order corrections to inflationary perturbation spectra in quantum gravity, J. Cosmol. Astropart. 

Phys. 02 (2021) 029 and arXiv: 2010.04739 [hep-th]
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which is experimentally testable due to its sharp prediction (0.4  1000r  3) of the tensor-

to-scalar ratio r in inflationary cosmology
- D. A., E. Bianchi and M. Piva, Predictions of quantum gravity in inflationary cosmology: effects of the

Weyl-squared term, J. High Energy Phys. 07 (2020) 211 and arXiv:2005.10293 [hep-th]



They can also be used to search for new physics beyond the standard model, by

evading common constraints in collider phenomenology
- D. A., K. Kannike, C. Marzo, L. Marzola, A. Melis, K. Müürsepp, M. Piva and M. Raidal,

Phenomenology of a fake inert doublet model, J. High Energy Phys. 10 (2021) 132 and

arXiv:2104.02071 [hep-ph]

and offering new possibilities to solve discrepancies with data
- D. A., K. Kannike, C. Marzo, L. Marzola, A. Melis, K. Müürsepp, M. Piva and M. Raidal, A fake

doublet solution to the muon anomalous magnetic moment, Phys. Rev. D 104 (2021) 035009 and

arXiv:2104.03249 [hep-ph]

Their diagrammatics can be implemented in softwares like FeynCalc, FormCalc,

LoopTools and Package-X and used to make predictions in phenomenology



It is possible to describe inflation as a renormalization-group flow and calculate the

power spectra to high orders in quantum gravity, in the presence of higher-derivative

terms

- D.A., Cosmic inflation as a renormalization-group flow: the running of power spectra in quantum 

gravity, J. Cosmol. Astropart. Phys. 01 (2021) 048 and arXiv: 2007.15023 [hep-th]

- D.A, High-order corrections to inflationary perturbation spectra in quantum gravity, J. Cosmol. 

Astropart. Phys. 02 (2021) 029 and arXiv: 2010.04739 [hep-th]
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It contains a triplet made of:

The graviton

The inflaton (spin 0, mass        ) 

The “purely virtual particle” (or “fake

particle” or “fakeon” ) (spin 2, mass        )

This is NOT the true classical action

in the fakeon approach, because it

is unprojected

True classical action: collection of tree 

diagrams with no external fakeon legs, where

the purely virtual mediator is treated in a 

suitable way (to be truly virtual)
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The crucial novelty is the treatment of higher derivatives. Here is the procedure

Consider the higher-derivative classical Lagrangian

The equations of motion are 

where

We want to project the higher-derivatives away

NOTE THE NO-TACHYON CONDITION 

-D.A., Quantum gravity, fakeons and 

microcausality, J. High Energy Phys. 11 

(2018) 21 and arXiv: 1806.03605 [hep-th]
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and r

To the leading order,

It survives adding more scalar fields.

The bound makes the theory predictive even before knowing the actual value of 

D. A.,Perturbation spectra and renormalization-group techniques in double-field inflation and 

quantum gravity cosmology, J. Cosmol. Astropart. Phys. 07 (2021) 037 and arXiv: 2105.05864 [hep-th]



Inflation as a “cosmic” RG flow

























For a classification of the allowed potentials, see

D. A., F. Fruzza and M. Piva, Renormalization-group techniques for single-field inflation in primordial cosmology and 

quantum gravity, Class. Quantum Grav. 38 (2021) 225011 and arXiv: 2103.01653 [hep-th]



Choose the metric

You obtain the equations



Choose the metric

Define the coupling

You obtain the equations



Choose the metric

Define the coupling

You obtain the equations

de Sitter free



The spectra satisfy Callan-Symanzik equations at superhorizon scales:



The spectra satisfy Callan-Symanzik equations at superhorizon scales:

running coupling



The spectra satisfy Callan-Symanzik equations at superhorizon scales:

running coupling

Without Weyl squared:



With Weyl squared



Conclusions

Purely virtual particles, or fake particles, or ``fakeons", based on a new diagrammatics,

have a variety of applications



Conclusions

Purely virtual particles, or fake particles, or ``fakeons", based on a new diagrammatics,

have a variety of applications

In phenomenology, they can be used to search for new physics beyond the standard model,

by evading common constraints in collider physics and offering new possibilities to solve

discrepancies with data. Their diagrammatics can be implemented in softwares to make

hard calculations and work out predictions for potential new experiments



Conclusions

Purely virtual particles, or fake particles, or ``fakeons", based on a new diagrammatics,

have a variety of applications

In phenomenology, they can be used to search for new physics beyond the standard model,

by evading common constraints in collider physics and offering new possibilities to solve

discrepancies with data. Their diagrammatics can be implemented in softwares to make

hard calculations and work out predictions for potential new experiments

In cosmology, they lead to a sharp prediction (0.4  1000r  3) of the tensor-to-scalar ratio 

r.  This is a result of the theory of quantum gravity based on fakeons, which is unitary and 

renormalizable



Conclusions

Purely virtual particles, or fake particles, or ``fakeons", based on a new diagrammatics,

have a variety of applications

In phenomenology, they can be used to search for new physics beyond the standard model,

by evading common constraints in collider physics and offering new possibilities to solve
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In cosmology, they lead to a sharp prediction (0.4  1000r  3) of the tensor-to-scalar ratio 

r.  This is a result of the theory of quantum gravity based on fakeons, which is unitary and 

renormalizable

It is possible to study inflation as a renormalization-group flow, where the spectra play the 

roles of correlation functions and obey Callan-Symanzik equations in the super-horizon 

limit. The techniques imported from high-energy physics allow us to gain in understanding 

and compute high-order corrections more easily



Thanks!


