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Motivation.Motivation.
Test semiTest semi--classical limit of LQG.classical limit of LQG.

Evolution of inhomogeneities is expected to explain Evolution of inhomogeneities is expected to explain 
cosmological cosmological structure formationstructure formation and lead to and lead to observable observable 
resultsresults..

Effective approximation allows to extract predictions of Effective approximation allows to extract predictions of 
the underlying quantum theory without going into the underlying quantum theory without going into 
consideration of quantum states.consideration of quantum states.
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Effective Approximation. Effective Approximation. Strategy.Strategy.
Classical TheoryClassical Theory Classical Constraints & { , }Classical Constraints & { , }PBPB

QuantizationQuantization Quantum Operators & [ , ]Quantum Operators & [ , ]

Effective TheoryEffective Theory Quantum variables:Quantum variables:

expectation values, spreads, deformations, etc.expectation values, spreads, deformations, etc.

TruncationTruncation Expectation ValuesExpectation Values

classically  diverging
expressions 

Classical  Classical  
ExpressionsExpressions x CorrectionCorrection

FunctionsFunctions
Classical Classical 

ExpressionsExpressions

classically well 
behaved expressions
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(Bojowald, Hernandez, MK, Singh, Skirzewski

Phys. Rev. D, 74, 123512, 2006;
Phys. Rev. Lett. 98, 031301, 2007
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Anomalies. Anomalies. Source of Corrections.Source of Corrections.
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Ashtekar connection

intactintact
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Anomalies. Anomalies. Source of Corrections.Source of Corrections.

Basic VariablesBasic Variables

Diffeomorphism  ConstraintDiffeomorphism  Constraint

Hamiltonian constraintHamiltonian constraint

Densitized triad

Ashtekar connection

intactintact

Scalar  field

Field momentum

α(Εα(Ε)) σ(Εσ(Ε))DD(Ε)(Ε)
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Anomalies. Anomalies. Restrictions on Correction Functions.Restrictions on Correction Functions.

Corrected constraint algebraCorrected constraint algebra
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Anomalies. Anomalies. Restrictions on Correction Functions.Restrictions on Correction Functions.

Anomaly free conditions:Anomaly free conditions:

f=arbitrary function
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Effective Constraints.Effective Constraints. Lattice formulation.Lattice formulation.
(scalar mode/longitudinal gauge, Bojowald, Hernandez, MK, Skirzewski, 2007)

-labels

v

I

J
K

FluxesFluxes

(integrated over Sv,I)

HolonomiesHolonomies

(integrated over ev,I)

Basic operators:Basic operators:
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Effective Constraints.Effective Constraints. Hamiltonian.Hamiltonian.
CurvatureCurvature

00
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Effective Constraints.Effective Constraints. Hamiltonian.Hamiltonian.
CurvatureCurvature

HamiltonianHamiltonian

00
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Effective Constraints.Effective Constraints. Hamiltonian.Hamiltonian.
CurvatureCurvature

HamiltonianHamiltonian

00

Inverse triad
operator

+higher curvature corrections
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for and 
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Effective Constraints.Effective Constraints. Inverse triad corrections.Inverse triad corrections.
Higher Higher jj--representationsrepresentations

for large  j



Effective Constraints.Effective Constraints. Inverse triad corrections.Inverse triad corrections.
Higher Higher jj--representationsrepresentations

for large  j

Asymptotics:Asymptotics:
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Summary.Summary.

1.1. Can check anomalies order by order. Do not Can check anomalies order by order. Do not 
have to work with full setting.have to work with full setting.

2.2. Indications that ambiguities are restricted.Indications that ambiguities are restricted.

3.3. There is  a consistent set of corrected There is  a consistent set of corrected 
constraints which are first class.constraints which are first class.

4.4. Cosmology: can formulate equations of Cosmology: can formulate equations of 
motion in terms of gauge invariant variables.motion in terms of gauge invariant variables.
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