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i Brief introduction to LKRG

How do we get LRg from classical GR?

Py WamLes of LRG: Ruantum 1

Geowmetrical Operators n LRG

CLnsteln |

. Current Research tn LKRG

Loop uantum Cosmology

Sewtclassical Sector of LRG
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Search for a Theory of Ruantum Gravity

Gewneral Ruantum
Rctativitg Freld Theory

Ruantum Gravity
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Brief introduction to LRG
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General Relativity

Covariance: Dlffeo morph LS S Ymmetry

ELnstelin Equatiows

Juv Metric encodes spacetime geometry
Metric becomes dynamical object in GrR

background independent anad non-perturbative
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RFT combines classteal field theory
§ quantum mechanics

preferved backgrownd metric: Minkowski

Wightmawn axioms rely on high symmetry of Muv

background dependent, perturbative quantum theory
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From GR to LRG

Step 1: Take gR as a classical starting point and

apply cano nical quantization

Back to &M:  Phase space formulation (q,p): g pp =l

Dynamies Ls described by Hamtiltonian H (g, p)

cuantum algebra: WG -

RC‘PVCSCVUtatLOV\I: HQM — L2 R dx vwwque'
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SU(2)-Gqawge Theory
Minkowskl spacetime, canonical formulation
Elementary variables

Al E: {Al(z), E(y)} = ¢°6026° (z, y)

Constraint: [EHEZRIEENT

PRI | — (A (), H}, B ={Ej(y) H}

|
Hamiltonian: | 2= 55 / d°zTr(E* + B%)
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2+1-split of spacetime




Ashtekar vartables tn R

(+1) split tnto space and time »em we
Elementary variables racheekarioze
’ ' b b 3
Al E? {Al(x), Ex(y)} = k6;,0,0°(x, 1)

CDVLS’CVD(’LV\,’CS: C(A, E) = O, CQ(A, E) == O7 G] (A7 E) = O
Ag o {Azm Hcan} E]a, S {E]C’La Hcan}

’ ’ ) 1 :
HQMLU:OV\/LQV\/. Hcan Sxig it 3 / d3:1’;(NC—|—NaCa _I_A]G])

K

Holowomies and Fluxes, starting point for

quantization n LRSG: he(A), E(S)
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Constraint Ruantlzatlon

Constraints are solved Constraints are reduced
LA quantum theory L classieal theory

as aw tntermediate step direct access to Hphys
Rinematical Hip, physteal Hilbert space

phgsioaL Hamilton tin
GT

Constraitnts become
aperators
algebra of observables

Soluttons: CAW#phys =0 > :
might be complicated
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- Dlrac uantizatiown: '
Starts with holonomy-flux algebra [ EEEEEEOIEHR

owne gets kinematical Hilbert space [Fahins— EEEEIN

[Ashtekar, isham, Lewandowskl, Rovelll, Smolin “90]

LOST-Theorem: Unigueness of quantum theory

[Lewandowsktl, Okolow, Sahlmann, Thiemann 05, Fletschhack " 05]

he(A), E(S) multiplication and dertvation operators

A

nw Hiin comstraints are impLemew’ced C? C, G

A

Ruantum Einstein Equations:

éwphys (A) = C:;wphys (A) =0 éwphys (A)
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Spim, network functlons

[AshtekRar, Isham, Lewandowskl, RovELLL, Smolin ~90]

ook o e i A AR U L

Sp'w\, network
fuwatiows are awn
ONB v Hiin
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4 4 4 H 4 H I!L— I!;*I![ I!L I!L I!L I!L 4 4 H
Geometrical Operators: Area
LRc allows to define operators for area, volume and

Length

function of fluxes

Aven operator: | IEI0o) R 008 | i

TYYYY states

Paschen

1?7,' series
Balmer

Avea operator has
discrete spectrum Lymes

series

YYYYY 5% L

’ ’
/A(Vea 9 aP y VM/LV\IL ma L Energy levels of the hydrogen atom with some of the

transitions between them that give rise to the spectral
linesindicated

1

nown-zero etgenvalue
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[Rovelll, Smolin ~922]
vo Lb(’ me operato Y [Ailit:lear,s Lewawaloﬁ\;lei 93]
Awnalogous to area also classical volume functional
G0l Ls function of fluxes

Volume operator: VR(E) = V(E)

Voluwme operator has discrete
spectrum, volume Oap?

Also tmportant for
dynamdies
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Current research topies n LRG
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Gauss § Diffeo can be solved: Solutions tn HS

wore comeplisate: (TN 1t Ty

C modifies (dual) graph

gewneral solutions so far ]

unknown <>

Also classical Binstein egqns
canwnot be solved awatgtlcaug)
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Ruantum Einsteln Equations

Loop Ruantum Cosmology (LKRC)  icastrup, mojowald 9¢l

ldea: Reduce classical to cosmological sector then quantize

Awnsatz for variables A" BFRW

Dirac Ruantization analog to full LG

of REE: can be solved

Resolutiow of big bang singularity —>

gewneralization to full LRg
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Pmax

YA DiF = Fa )

pmax

3
Pmaz = G B2 A2

~ O.41pplanck )\ — 0 fOf FL — 0
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Semiclassieal LG

Minimal reguirement for LRG:

h— 0
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Semtelassieal DYna mLeS

only non-perturbative techniques are allowed

[Sahlmann, Thiemann, Winkeler 03,
Bahr “oe]

Coherent states for LRag: LTS ik
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Problemi: HamLltonlan constratnt

ldea: Reformulate olgﬁ WAamLES LI a techwicaLLg slmPLer

[Thiemann " 0=]

and ph 5s£ca Ly equivalent wa Y
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Constraint det( )

class. equi\/.

Ruantum ELnsteln €

Semielassieal d Yywa MLLCS

[K.G., Thiemann "o0&]
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Reduced uantization of LRG

[K.G., Thiemann ~10]

(Mathem.) Observables for basic variables

RUANtum ELnstelin IEquatiows

Sewiclassical Analysts  RUTIENS:SURIFIERE: SRROIN ot Bl

Master Constraint and phys. Ha miltontan Awatgsis:

FLrst step towards showilng that GR Ls semiclassical Limit

To go further: mprovement of coherent states needeol
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S Vg

LRg: R formulated tn terms of holonomies and fluxes

Can. Ruantizatlon 516!,0!3 Ruantum Elnsteln Equations

Gewneral solutions to Hamiltontan constraint unknown

what can we still Learn about REE?

Symmetry redueced model LRL:
Corrections to classical FRW equations

Full LRg: Sewtclassical Analysis of dynamies

(Master Constraint , ph 3sicaL Hawmtltontan)
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Alm: Lnderstand ph 5sicaL meLLcatiows 0

Improve semiclassical techniques of LRG

Awnalyze chotces made for uantum Einsteln Equations

Mathew.: Representation of the Quantum theory

understand cosmologieal sector of full LG

cosmologieal perturbation theory within LRG

> manifestly gauge tnvariant perturbation theory [K.G., Hofmann,
Thiemann, Winkler “10]

Scattering theory for QFT on curved spacetimes
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Back to Quantum dywna MLLCS

SNF ow graph ¥, constder dual polyhedron 7

Example 1L: &-valent graph

* dual PoLghedmw Ls a cube /'/

Example 2: 4-valent graph
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Ruantum ELnsteln Equations

a Little movie about quantum 0!5 WAMALES
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