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Time -scale defined using the fundamental constants of 

Gravity and Quantum Mechanics

(Gravitational constant G = 6,674 x 10
-11

m
3

kg
-1

s
-2

Planck constant           h = 1,055 x 10
-34

m
2

kg s
-1

Speed of light              c = 2,997 x 10
8

m s
-1

):

ĄAt Planckõs Time Quantum Gravity is needed!





Cosmic inflation : the universe underwent a phase of 

exponential expansion that sets up its very special 

initial conditions

Quantum vacuum fluctuations during inflation turn 

out to play an important role. They give the initial 

condition for all the structures in the Universe.

-A microscopic wavelength of quantum fluctuations is 

stretched by enormous expansion of space to became 

a macroscopic one. 

-The origin of cosmic structures is explained by a 

combination of quantum mechanics and general 

relativity.



The simplest model of inflation (single energy component 

driving exponential inflation) predicts a stochastic 

background of gravitational waves 

(no astrophysical process can generate such a low -

frequency GWs).

Ą Cosmic gravitational wave background is generated.





A computer simulation of gravitational waves from 

merging black holes [Simulating eXtreme Spacetimes (SXS) project]



If we consider a plane gravitational wave 

propagating in one direction:

Å the gravitational wave shall be transverse (the 

direction of distortion is perpendicular to the 

propagation direction).

Å the gravitational wave shall not change the area.

Ą There are two degrees of freedom
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h+ polarization

hX polarization
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Gravitational waves spectrum

no astrophysical process can generate such a low -frequency GWs

éuse the entire Universe as a detector (CMB).
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When the universe cooled down to a temperature at 

which atoms can form (about 3000 ÁC), matter then 

became neutral, and allowed the light to travel 

freely: Cosmic Microwave Background (CMB) was 

generated. 
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COBE

T = 2.7 Ñ0.00003 K





WMAP



PLANCK
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[Planck 2018]
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Polarization of light 

Linear polarization







[2018 Planck map of the polarized CMB anisotropies]

CMB polarization anisotropies

Thompson 
scattering



CMB polarization anisotropies
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BICEP

(Background Imaging of Cosmic 

Extragalactic Polarization)



BICEP

(Background Imaging of Cosmic 

Extragalactic Polarization)





SynchrotronCMB Dust



SynchrotronCMB Dust



[Planck 2018 results I, A&A 641, A1 (2020)]
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CMB polarization anisotropies
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LiteBIRD
άLitesatellite for the study ofB-mode polarization and 
Inflation from cosmic background Radiation DŜǘŜŎǘƛƻƴέ

[LiteBIRD Coll 

PTEP-arXiv:2202.02773]
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Brief introduction to the current search for Quantum Gravity 

imprints in the early Universe: 

ÅPrimordial Gravitational waves

ÅCosmic Microwave Background Polarization
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Looking for Quantum Gravity imprints in the Universe

Brief introduction to the current search for Quantum Gravity 

imprints in the early Universe: 

ÅPrimordial Gravitational waves

ÅCosmic Microwave Background Polarization

Detection of CMB primordial B modes

induced by primordial gravitational waves

would constitute a glimpse of Quantum Gravity at 

work (10-38 seconds after the singularity).

Å[II part Ą A short theoretical introduction to  QG 

Gabriele Gionti, SJ]
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WMAP Collaboration

2013

[Eiichiro Komatsu (Max-Planck-Institut für Astrophysik)
Guest lecture, Univ. Bonn, January 17, 2022]
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Polarsiation limit added:

r<0.07 (95%CL)

Planck Collaboration (2015); BICEP2/Keck Array Collaboration (2016)

2015

[Eiichiro Komatsu (Max-Planck-Institut für Astrophysik)
Guest lecture, Univ. Bonn, January 17, 2022]
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BICEP2/Keck Array Collaboration (2021)

BICEP2/Keck Array 

Collaboration (2018)

r<0.06 

(95%CL)

2018

Polarsiation limit added:

r<0.07 (95%CL)

r<0.036 

(95%CL)

2021

[Eiichiro Komatsu (Max-Planck-Institut für Astrophysik)
Guest lecture, Univ. Bonn, January 17, 2022]
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CMB polarization anisotropies
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CMB polarization anisotropies
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CMB polarization anisotropies







OUTLINE

ÅBrief introduction to Einsteinõs Theory of 

General Relativity. 

ÅCanonical Quantum Gravity and Loop 

Quantum Gravity.

ÅString Theory

ÅAsymptotically Safe Approach to Quantum 

Gravity

ÅConclusions



1915

òAnnus Mirabilisó !

Albert Einstein: 

Equations of the Gravitational Field
David Hilbert: 

Action of the Gravitational Field

Emmy Noether : 

Conservations Laws



GENERAL RELATIVITY

ÅòExtensionó of Special Relativity.

Å Deal with ònon-inertial framesó

(case in which the frame òrelativeó velocity 

is not constant).

Å One fundamental principle: 

The principle of equivalence òthe mass equivalenceó

mg=mi

Å The gravitational effects are locally indistinguishable from the 

acceleration effects. 



Gravity and Acceleration


