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Status of the Dynamics in LQG

@ Starting point of LQG: Canonical formulation of GR

@ Holonomies A(e) & Fluxes E(S)

@ Kinematical Hilbert space of LQG: Hyin; Operators: (A}, ]3, H

Quantum — Einstein — Equations

E\}¢phys = 07 ﬁwphys = 07 ﬁ¢phys =0 <(/Z %

@ Solutions tphys? Rediscover classical GR solutions in LQG?

/\/
@ Additionally one gets constraints: /\/
G(A,E)=0, D(AE)=0, HA,E)=T0

@ 1st Step: Are @, D and H correctly quantised?
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Anomalies in the QT

@ Most difficult part: ﬁwphys =0 .
{H(N),HN')} o D(N)

@ Hyin, Uniqueness LOST — Theorem ~ ~
[H(N),HN')] o ?

@ Unitary repres. of finite diffeomorphisms
U(D) is not weakly continuous — infinites. D Ain Hgin

o H free of anomalies: [ITI(N),IA{(N’)} Yaig = 0 I

@ This requires graph — changing operator for i s\

[Thiemann 1996]

@ Problematic: Needs semiclassical states for graph — changing
operators
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The Master Constraint M

@ M consists of weighted, spatially diff-inv. sum [Thiemann 2003]

Jk . abDaD H2
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[det(E)|
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The Master Constraint M

@ M consists of weighted, spatially diff-inv. sum [Thiemann 2003]

()

Jk . abDaD H2
M:/d%a G;Gi +4 b+
o | det(E)|
oM=0 & G=0 A D=0 A H=0
@ Weighting: Infinitesimal diffeomorphism — operators exist

@ Trivial algebra: {M,M} =0, QT: [M,M] =0
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4

® Good semiclassical approximation of K(e), EA)(S)
[More details Bahr's talk]
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Coherent States

@ Certain sector of Hy;, with almost classical behaviour

@ Such so called coherent states exist in H ., [Winkler, Thiemann 20011

@ Our Aim:

Testing the semiclassical limit of dynamical operators in H;p,

® Good semiclassical approximation of K(e), EA)(S)
[More details Bahr's talk]

o H Graph — changing problematic:
@ Sum over all graphs impossible, since H;, non — separable

o M Graph — preserving ok, but needs all embedded graphs in
LQG

@ Existing semiclassical tools are extremely graph — dependend
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Conceptual Ideas of AQG

@ LQG needs all embedded finite graphs in o

@ M can be quantised graph — preserving

Embedding independent formulation of AQG:

o One fundamental infinite algebraic graph

o Difference with graphs in LQG:
Information about topology & differential structure of spatial
manifold o are absent

Idea: Def. of the algebra and dynamical operators on algebraic level

@ Consequence: No graph — dependence anymore

(]

Chosen algebraic graph is fundamental
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Mathematical Framework of AQG

@ LQG: embedded algebra <~ AQG: abstract algebra
Quantum-Einstein-Eqn.

@ Quantisation:

o Kinem. Hilbert space Hyrp =
o All physic. (gauge invariant) AQG:  Myphys =0

operators can be lifted R
¢ Dynamics is described through graph — preserving M
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Kinematical & Dynamical Setup of AQG

Mathematical Framework of AQG
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Mathematical Framework of AQG

@ LQG: embedded algebra <~ AQG: abstract algebra
@ Quantisation: Quantum-Einstein-Eqn.

o Kinem. Hilbert space Hyrp
s All physic. (gauge invariant)

operators can be lifted R
¢ Dynamics is described through graph — preserving M

AQG: Mypys =0

@ Semiclassics: One needs to provide the following data:

o A 3 — manifold o, a phase space point (4,E)
o An embedding of a graph into o
@ Analogous defintion of algebraic coherent states

@ AQG: Topology, differential strucure of o and background metric
which is approximated is encoded in semiclassical states
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Semiclassical Analysis of M

iclassical Limit of the Dynamics of AQG

@ Semiclassical limit of M wrt algebraic coherent states of an
algebraic cubic graph

@ One gets expansion of (UF, _ | M | WP, o) wrt h

@ Result in leading order

(U o | MWE, Y = M) = M[m]

h—0 e—0

@ € measure of fineness of the embedding
@ O(hY): Correct infinitesimal generators of GR

@ O(h): Quantum — fluctuations are finite

@ Positive result wrt infinitesimal classical limit
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@ AQG provides a framework for semiclassical analysis of the dynamics

® M reproduces in O(hY) the correct infinitesimal generators of GR,
quantum — fluctuations are finite

@ Open issues & outlook:

o Kernel of M could be empty — anomalies?

@ Substraction Apuin [Dittrich, Thiemann]

@ Improvement of the discretisation (Dirac operator LGT)
@ Properties of the infinitesimal quantum diffeomorphisms
@ Quantum — cosmological perturbation theory
@ Take advantage of similarities with lattice gauge theories
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