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® What is Quantum Gravity?  «@a - — ¢

® Why Quantum Gravity?
Ll e S|
After all, atoms do fall, so the relationship between gravity L OO \
and quantum is not a problem for nature, ] N o _— o
Three roads to Quantum Gravity, Lee Smolin (2001) N Q\
It

But no calls from experimentally
accessible situations....
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" What we know about the
elementary physical world.

® Quantum Mechanics

® The SU(3)xSU(2)xU(I) Standard Model
of particle physics

® General Relativity




July 4th, 2012
Announcement of the observation of the Higgs
boson as predicted by the Standard Model!
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But not the final story about
the elementary world...

.

ﬂ\

Among the open problems...

® Dark Matter

® Unification

® Quantum Gravity
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Quantum Gravity

Quantum Mechanics
+

General Relativity
???
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General Relativity: a theory of the gravitational field

1
- R
5= l6rC / VY

Pre-GR: Fields, particles GR: gravitational field
ON space-time. .= space- -time

L. 4 W/
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‘General Relativity and|
- Quantum Mechanics?

® Quantum Mechanics: any dynamical quantity
= quantized.

World ford by discrete quanta jumping over a at
space-time governed by global symmetries (Poincareé).

® General Relativity: space-time is curved;
everything is smooth and determinist.

(* QM and GR = 2 different worlds! ]
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Planck scale?

hG
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Something very dense
and very small?

Pirsa: 17030068 Page 12/51



 Quantization? |
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" Quantization? |

( Quantum
. B e

H =

Classical
®
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" Quantization? |

Classical r Quantum
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Electromagnetic ~ Quantum
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Quantum Gravity

® Perturbative approach... 9w = N + hyw with | <1

It doesn’t work!
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‘Quantum Gravity)|

® Perturbative approach... 9. = M + by with (A | <1

... String theory...

® Go back to Dirac’s approach (canonical quantization)...
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‘Quantum Gravity|

® Perturbative approach... 9. = M + by with (A | <1

... String theory...

® Go back to Dirac’s approach (canonical quantization)...

=P | cop Quantum Gravity

GR (background independence; 9..» = gravitational field) +
QM (uncertainty principle)
= Theory of Quantum Geometry?
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Loop Quantum Gravity

® Einstein-Hilbert formulation (1915)
1

v 4
S = e '/d r\/gR
® Ashtekar formulation (1986)

1 o o | | o
S = 87{0"‘ / (]-1_'1-' (E:: 44:', + fr\-?(‘i‘jﬂ.- E:f Ei’ F‘ffb + /\’(D“ Eu_.)r)
J ! Ll ~

with 7 the Barbero-Immirzi parameter.
Al (. —b Y_ ca ¢t oco
{‘/1(1 (2) E; (1/) } — 871‘(1'"}-()() ()_j() ;(.IT o U)

ME 57, NUMBER 18 PHYSICAL REVIEW LETTERS } NOVEMBER 1986
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[Loop Quantum Gravity}

® First step: Ashtekar variables.

® Second step: the loops...to measure the curvature of

space-time. - / "

| L/

R ‘/’
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Spin network states
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Spin network states
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And the dynamics/)

® Canonical approach: solve the Hamiltonian
constraint...

® Spin Foam framework: the path integral a la

Feynman... :

Time | (>

Transition amplitude <

between spin network states
of Loop Quantum Gravity
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Loop Quantum Gravity/

.

Spinfoam




[In this course...}

We will focus on 3D Euclidean gravity with a zero
cosmological constant and on the Loop Quantum Gravity

(LQG) approach.

® Actions for gravity

® Canonical formulation of constrained systems and
gauge symmetries

® Canonical analysis of the 3D gravity first order action
® Dirac program for the parametrized particle

® Quantum Geometry

® The path integral representation: spinfoams (SF)
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I General Relativi @m Me@
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General Relativi
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Quantum Mechanics>
/

General Relativi

2nd order action
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Einstein-Hilbert
action




uantum Mechanic
7

I st order action
Palatini action
etrad/connection variable

2nd order action
Einstein-Hilbert
action

Equations of motion
Constraints
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uantum Mechanic
7/

I st order action
Palatini action
etrad/connection variable

2nd order action
Einstein-Hilbert
action

Symmetries
Gauge symmetries
Equations of motion

Constraints
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And what about...

® the Bing Bang singularity’
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And what about...

® the Bing Bang singularity’

= Big Bounce predicted by
Loop Quantum Cosmology!

Luca Pozzi

(a/a)® = 87Gp ——— (a/a)? =87Gp(1l — P/ Psup)
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and predictions

Loop Quantum Cosmology

J/

More details next week by Aurelien

| | Barrau (IN2P3, Grenoble, France)!

J‘ see also Tutorial 3




And what about...

® Black Holes?

Now!
@8 Eugenio Bianchi (Penn State, USA)
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