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® What is Quantum Gravity?

® Why Quantum Gravity?

After all, atoms do fall, so the relationship between gravity
and quantum is not a problem for nature,
Three roads to Quantum Gravity, Lee Smolin (2001)

But no calls from experimentally
accessible situations....

Frav (proton - electron) ~ ==

elect

e Loop Quantum Gravity

Page 2/35



" What we know about the
'elementary physical world.

® Quantum Mechanics |
THE SIANDHED o

e

e The SU(3)xSU(2)xU(l) Standard Model
of particle physics T

e General Relativity
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July 4th, 2012

Announcement of the observation of the Higgs
boson as predlcted by the Standard Model'

b/ frf;if\*}’/ 3{1 ”

Q‘I": ndard MaAdal
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February | Ith,2016
Announcement of the detection of
gravitational waves

General Relativity
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r \
But not the final story about
the elementary world...

\

Among the open problems...
PRI

Dark
Matter

® Dark Matter

® Unification

® Quantum Gravity
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Quantum Gravity

Quantum Mechanics
+

General Relativity
1844




YR General

« Relativity

General Relativity: a theory of the gravitational field
1
5= fr | VIF

Pre-GR: Fields, particles GR: gravitational field
ON space-time. | ~S ce-time
/’ / r\/’
g\ C’f\j\\ﬂ
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General Relativity and

Quantum Mechanics?
® Quantum Mechanics: any dynamical quantity

= quantized.

World formed by discrete quanta jumping over a flat
space-time governed by global symmetries (Poincaré).

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

(= QM and GR = 2 different worlds! j

irsa: 19030068 Page 10/35



Planck scale?

hG
LPlan(‘.k — c_3 = 1.6 % 10_3577?,

® |n OM, Compton wave length,

b
f?} | micrometre =+ 10%m
-

)\min e
mc

blood cell

logarithmic scale

® |n GR, Schwarschild radius,

mG
R~ —
c2

... Planck scale

Lmin = An}in = R Lmin = LPlanck
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Something very dense
and very small?
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" Quantization? |
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" Quantization? |

Classical Quantum
e Hydrogen

atom
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" Quantization? |

Classical ¥ 4 'f'.l:_ Quantum

Electromagnetic
force

Quantum
Electrodynamics
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‘Quantum Gravity]

® Perturbative approach... guv = Muw + by with (A | <1

PUYRICH LETTLRS

Viahusmss |50 puembey |30

It doesn’t work!

Augusis SAGNOTT Y

e e L e B B a4

Ravsrsi 1 ared (W03

W e bt e 8 mas, ol gy s g E-—-E- !. e e e
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‘Quantum Gravity]

® Perturbative approach... 9w = T + hw with || <1

... String theory...

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

=P | oop Quantum Gravity

GR (background independence; 9u» = gravitational field) +
OM (uncertainty princible)
= Theory of Quantum Geometry?
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Loop Quantum Gravity |

® Einstein-Hilbert formulation (1915)

1
S — 1*x
e / d"z./gR
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Loop Quantum Gravity |

® Einstein-Hilbert formulation (1915)
bl 4
5= — ‘/d 2GR

® Ashtekar formulation (1986)

1 Gy !
U 871Gy / d'x (EA + Neyjn BSES Fry + X (Do BY)! )

with 7 the Barbero-lmmirzi parameter.
{4u(@), E; ()} = 81G53526°(x — )

4
: f Vovuss 57, Nusaes |§ PHYSICAL REVIEW LETTERS 1 NovEMBER 1988

New Varlables for Classical and Quantum Gravity

Fapvicy Deparvment, Sivacuse Lsives sity. !wMM Mdhun..jufw’lm
Usives sary dt’mml—"—nhlﬂl—lﬂ-ﬂh—q

#nd snabis ane 1o imbed 1he
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Loop Quantum Gravity}

® First step: Ashtekar variables.
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Loop Quantum Gravity]

® First step: Ashtekar variables.

® Second step: the loops... to measure the curvature of
space-time. e
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Loop Quantum Gravity]

® First step: Ashtekar variables.

® Second step: the loops... to measure the curvature of
space-time. P N

® Spin networks:

basis of the kinematical
Hilbert space of Loop
Quantum Gravity.
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' Quantization? |

Classical
®

Quantum

B = q142

IR~
Electromagnetic [ Wiéhits=L
force 2o T W - | Standard
Strong force  _ < LN Model

Weak force
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Spin network statesj

PHYSICAL REVIEW D VOLUME 51, NUMRER 10 13 NOVEMRBER 1093

Spin netwarks and quantum gravity

Carla Rowelli*
Tiw e af Fhyesad, [ af Pintaburgh, I A 1m0
Lee fimalin'
Conier fur (X d Phpeics and ¥, Depar af Fhyseas, Py Fiats [mimsrsity,

Heaiweesity Pavk, J'—a.h-— 188088380
and frhmnl af Nateral Grismee Instibuis for Adwsncsd Study, Princeton, New Jevsey 08440
(Massivad § May 1005)
W imiraduse & mew basis e (he slais spaes of nenperiurkative guantum gravity. The sistes
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e i | i b L ﬂmhﬂ.&uamdh—‘e-ﬂ-m-h‘l‘h-’

h—i-n;-t—u-q-— wlemtitems [U(1) Mandel | in
[ PRI | T———— AT Spe————

of n- Mamiltonian onstrainl |\vn.-l-l‘.\-w|u squution) thel hese bosa discssesad in the leop

et stien The slates in Ui basis d (1) b Lhrse geometry of

epaca, such ne e ares snd (ke sslume of arbitrary surlasss snd regions, and thersfors provide =
Aimereta pariurs of quastum gesmetry s the Flasck scake

FACH pussber(s) 04 80 [, T8 38 o
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Spin network stateﬁ

T————— PHYSICAL REVIEW D VOLUME 51, NUMBER 10 13 NOVEMRBER 1993

Spin networks and quantum gravity

Carle Mol
e e af Fhgeica, [Fs af Pitlaburgh, Pirtab 18080
Loe fimalin!
Camier fur O d FApsss and . . Dhogeae af Fhgeena, Py =z Siate ¥
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(Massisad § May 1008}
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ety L B e far e emmet
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dimcrwin perinrs of quastam peometry si the Planch sals
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\@ PHYSICS B

FLEvIER Fiulo Pipsies 11 441 (1991) 30410 ——

Discreteness of area and volume in
quantum gravity

Carlo Rovelli*', Lee Smolin™?

* Deparmment of Fimscs. Unieesity of Fimsbergh, Fiswrgh, P 11380 (104
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And the dynamics|

® Canonical approach: solve the Hamiltonian
constraint...

® Spin Foam framework: the path integral a Ia
Feynman...

Transition amplitude
between spin network states
of Loop Quantum Gravity
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' Loop Quantum Gravity/

Spinfoam

N
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Quantum Mechanics
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Quanmzanon approache

Canonical Quantization
(Dirac)

Path Integral Quantization
Feynman)

2nd order action
Einstein-Hilbert
action

Symmetries
Gauge symmetries
Equations of motion

Constraints

Perturbative approach
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® Bianca Dittrich, on the different approaches
to Quantum Gravity
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