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Will the expansion of the universe continue for ever? Will we ever get to see what lies beyond our horizon?

We will never get to see what lies 
outside. Once a star crosses the 
horizon, we lose contact with it 
forever.

‣ Stars and galaxies are constantly 
moving further away from us at an 
accelerating pace.

‣ Because light travels at constant 
speed, our visible universe is 
bounded by a vast celestial sphere:

‣ Spring 
1998 :

our universe is discovered 
to be entering a period of 
accelerated   expansion !!!

the COSMOLOGICAL  HORIZON 

ENTROPY as a mathematical microscope

Results
1. We quantised Einstein gravity in two spacetime dimensions, thus providing a 

quantum gravity model of our four-dimensional universe. [1] 

2. We showed that in this two-dimensional model, gravity and quantum mechanics 
are compatible with each other. [2] 

3. We managed to sum all the (infinitely-many) universe geometries that provide the 
leading contribution to the entropy of the cosmological horizon. [3] 

This mathematical formula of the entropy provides an unprecedented “image” of the 
microscopic structure of our cosmological horizon. It is in the rich analytic structure of this 
formula, that the information about the quantum constituents of the horizon is encoded.
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Impact
Our formula for the entropy will tell us 
what the edge of our visible universe is 
composed of at the smallest possible 
scales.

Since the cosmological horizon is a 
direct consequence of the expansion of 
the universe, deciphering its quantum 
structure could tell us a lot about the 
nature of dark energy, the mysterious 
force driving the expansion, and which 
constitutes 70% of the total energy 
content of the universe.

Method
counts all possible different atomic configurationsENTROPY

S = +

 

+

 

+…

Its mathematical expression depends on the parameters that 
characterize the gas, but also on its atomic structure and properties.

We do not know what the atoms of our horizon are, but if a quantum 
theory of Einstein gravity exists, the entropy must follow from the 
sum of all different expanding-universe geometries :

Challenges:
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BLACK HOLE HORIZONS
‣ This is the sphere within 

which gravity is so strong, 
that not even light can 
escape. We will never get 
to see what lies inside of it.

Interior of 
a black 

hole

Exterior of 
our visible 
universe

=

A powerful parallel exists with ‣ In statistical mechanics, the 
temperature of a gas is due 
to the chaotic motion of its 
atoms.

 

 

Therefore, they must have a 
temperature.

‣ But ! Quantum mechanics 
makes black holes radiate.

They are not so black !

Introduction

Our cosmological horizon is composed of microscopic ”gravitational atoms”Conjecture :

?
?
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1. find a quantum theory of gravity 
2. perform this mathematically-difficult infinite sum


