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Abstract: In the first part of the talk, a brief introduction to genera relativity and quantum theory is given. Their independent successes are
discussed, as well asthe desire and difficulty in merging them, to obtain a unique language to describe the universe.

Then | focus on Loop quantum gravity, a particular approach towards this objective, in which a discrete microscopic structure of spacetime is
envisaged.
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General Relativity

Equivalence principle: The laws of nature are the same for all
observers, inertial or not

T he force of gravity is the manifestation
of the curvature of spacetime

Matter moves along geodesics
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Einstein’s equations
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General Relativity: the black hole
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Discreteness and Quanta
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Quanta of space

What are the quanta of gravity?

!

“grains of space”

smooth space
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Quanta of space

What are the quanta of gravity?
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“grains of space”

smooth space
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What do we know about
the quanta of space?

No direct experiment No indirect hints from experiments (so far)
We are lost in the dark!

Purely theoretical quest

Seventy years, still no consistent theory making testable predictions
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What do we know about
the quanta of space?

No direct experiment No indirect hints from experiments (so far)
We are lost in the dark!

Purely theoretical quest

Seventy years, still no consistent theory making testable predictions

Particle physics approach :> String Theory
General relativistic approach :> Loop Quantum Gravity

...but there are also other ideas around! especially in the absence
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of experiments, one should try to be as open—minded as possible
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Loop Quantum Gravity

Lee Smolin













Spin Networks
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Each graph is defined solely by the way the nodes are linked together:
there is no background structure over which the graph lives

Particularly suitable to implement the idea of relationalism of physics
pushed by General Relativity -
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L QG dynamics: spinfoams

The Hamiltonian operator
acts on the nodes
of the spin network:

A
| =
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Physics of LQG
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Resolution of singularities

Spacetime singularities

Particle interaction singularities
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New propagation of matter

High energy probes are sensible to fine structure of spacetime
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Discrete structure of spacetime?

We don't know if this picture is correct until we have experimental
confirmation of predictions of the theory
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The path is right in front of us!
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Each graph is defined solely by the way the nodes are linked together:
there is no background structure over which the graph lives
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Particularily suitable to implement the idea of relationalism of physics
pushed by General Relativity
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Quantum Spin Dynamics

in Loop Quantum Gravity










