
Wayne BomstadLOOPS'05

Linearized Gravity as the Linearized Gravity as the 
Rosetta Stone of Quantization Rosetta Stone of Quantization 

TechniquesTechniques  

Wayne Bomstad
University of Florida

18:10-18:30
10/13/2005



Wayne BomstadLOOPS'05

On the obvious common ground...On the obvious common ground...

LQG
AQG

WdW  
CQG

●Classical limit
● General relativity
● Weak field ●Quantum models

● 2+1
● Sourcefree EM
● Linearized gravity

● Here we can easily 
learn new techniques 
from one another!

!%Ry

✒✾✗✙✿

σδφαγρ



Wayne BomstadLOOPS'05

OverviewOverview
● Projection operator quantization

● Introduction
● Application to linearized gravity

● Reproducing kernel Hilbert space

● Canonical CS representation
● CS path integral

● Summary

● Challenges
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Classical considerations Classical considerations 
● Constrained, phase space action

● Canonical symplectic manifold

● General constraints possible; simplest example
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Projection operator quantizationProjection operator quantization
● Promotion to operators (ala Dirac)

● Physical Hilbert space populated by states of the form

● Projection operator obeys the relations● Projection operator obeys the relations

● Formally, it may be represented by
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Reproducing kernelsReproducing kernels

● Define the reproducing kernel (RK) 

● Elements of the physical Hilbert space

● Inner product

● Operators uniquely determined by CS matrix elements
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Linearized canonical gravityLinearized canonical gravity
● The 3-metric and it's conjugate momentum are perturbed

● ADM action is dynamical in the perturbations

● Poisson algebra

● Linearized constraints
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Quantum linearized gravityQuantum linearized gravity
● Commutation relations

● Useful orthogonal expansion

● Simplification of the constraints
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A projection operator for linearized gravityA projection operator for linearized gravity
● One projection operator applies per point in momentum space● One projection operator applies per point in momentum space

● Commutation of the constraints allows for a split in the projection operator

● This means a split in the each reproducing kernel



Wayne BomstadLOOPS'05

Canonical coherent statesCanonical coherent states
● The canonical CS may be written as

● For such states, the overlap appears as
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How the longitudinal degrees of How the longitudinal degrees of 
freedom decouple...freedom decouple...

● The longitudinal reproducing kernel becomes in the limit 

● Therefore each of the longitudinal and transverse Hilbert 
spaces  reduces to a one dimensional Hilbert space

where

● Calculation of the transverse RK yields a similar expression 
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An alternative RK representationAn alternative RK representation
● With a suitable measure, the projection operator may be expressed as

● In the sense of coherent state matrix elements, the RK becomes



Wayne BomstadLOOPS'05

Summary of Results Using Summary of Results Using 
Projection Operator QuantizationProjection Operator Quantization

● Kinematical Hilbert space reduced to physical Hilbert space 

● A non-compact gauge group was quantized 

● No gauge choices were made in quantizing the theory!
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What the Rosetta Stone really What the Rosetta Stone really 
says...says...

● CQG:  configuration space

● Loops: U(1) x U(1) x U(1) 

● RK: phase space

© Trustees of the British Museum
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Future challengesFuture challenges
● Development issues

● What happens to delta when describing interacting QFT's?
● Application of the projection operator to 2+1 GR
● More mathematical rigor

● Can the projection operator be used to constrain linear loops?

● Affine coherent states
● Projection operator in the complexifier CS machinery


