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Questions

Waiting for a theory of Quantum Gravity (Strings, loops, CDT, NCG, etc)

Open issue:
Can GR (or canonical GR) be derived from an underlying « theory of everything » ?

How can the framework of QFT in a given background spacetime be recovered?



Notion of classical spacetime should emerge in an appropriate limit from
a theory of QG

(Clue) Schrodinger « looked for a wave equation which yields the Hamilton-Jacobi
equation in some appropriate limit »
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Central equation of canonical QG is a constraint equation: H Y =0

Reparametrization invariance (general covariance) of the theory :

« independent from the variables used to describe GR»

Semiclassical considerations may thus well be, at least to a large extent,
independent from the concrete form of the fundamental constraints.
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Wheeler-DeWitt Equations
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Expansion with respectto M § If the mass scales of non-gravitational fields are much
smaller than the Planck mass.

- Without non-gravitational fields: the M§ expansion is equivalent to an # expansion.

- With non-gravitational fields: M§ expansion equivalent to Born-Oppenheimer
expansion



Born-Oppenheimer approximation
(e.g. molecular physics)

The full system is divided into two parts with very different scales

1. The « heavy » part: WKB

2. The « light » part: treated fully qguantum and follows adiabatically the
dynamics of the heavy part.

In QG:
1. The full gravitational field (large value of M)
2. All non-gravitational degrees of freedom

Time as an approximate concept from « timeless » QG
Relevant for observers within the Universe (intrinsic viewpoint)



Simple Quantum Mechanical problem

Total Syst. = « heavy » + « light »

Consider the following Hamiltonian for the full system:
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Approximate solution to the stationary Schrodinger equation:
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In the Wheeler-DeWitt case: E=0

M >>m
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We look for an expansion of the form
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One obtain first
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Equation for « heavy part » / Spacetime

Without projection, one obtain
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Equation for « light part » / Noy/gravitational d.c&A
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1. «heavy part » insensitive to changes in the « light » part - neglect off-diag elements
2. Standard WKB approximation for the « heavy part »

7,(Q =C, Q" "



Taking into account approximations 1. and 2., and assuming M large,
one obtain for the Q-derivatives:
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And via the Hamilton equations, one can introduce a « time coordinate »:
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Equation (c) becomes:
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In QG, for the Wheeler — DeWitt equations
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The wavefunction is written in the form
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As for the previous case, we obtain an equation for y

Hamilton-Jacobi equations for S[hab]
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and equations for (o[hab] , sSimilar to equation (c)
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From the Hamilton-Jacobi equations, one has a relation between the 3-metric, its
momentum, the extrinsic curvature of 3-space and the « velocities » | .
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To get an evolutionary equation for the quantum state, one defines
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Functional Schrédinger equation for quantized matter fields in the chosen
external gravitational field
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The matter-field hamiltonian in the Schrodinger picture parametrically
depends on (generally non-static) metric coefficients of the curved
spacetime background.



Conclusion and perspectives

The standard concept of time in guantum theory thus emerges only in a
semiclassical approximation, the Wheeler-DeWitt equation itself is
« timeless ».

This approach should be independent of the expression of the Wheeler-DeWitt constraints.
- Can, in principle, be applied using the Ashtekar variables

- Tensor Model approach to QG: the constraints satisfies a Wheeler-DeWitt algebra

Can we apply this semiclassical approach to the Tensor Model?

- I

Einstein Equations Schrodinger Equation for
for Spacetime Quantized Matter in a
gravitational background



