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2  LOOP QUANTUM GRAVITY & COSMOLOGY

How cosmology can be obtained from the full quantum gravity theory?

RESULTS
There is a simple way to add the cosmological 

constant to the dynamics of LQG.
There are approximations in the quantum theory 

that yield cosmology.
The theory recover general relativity in the 

semiclassical limit, also for non-trivial solutions.
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3  PLAN OF THE TALK

1. Definition of the complete theory
       with the cosmological constant

2. Approximations 
        graph            vertex            spin

3. Study of the semiclassical limit (de Sitter solution)
        transition amplitude            Hamiltonian constraint



4  KINEMATICS      

Identifications:
  if Γ is a subgraph of Γʹ′ then we must identify       with a subspace of       ʹ′
  divide        by the action of the discrete group of the automorphisms of Γ
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HΓ HΓ = L2[SU(2)L/SU(2)N ]Hilbert space:                                  where

Operators:! Uf  are diagonal and Ef  are the left-invariant vector fields

Abstract graphs:  Γ is determined by N=#nodes, L=#links and their adjacency
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5  COHERENT STATES   

Geometrical interpretation  for the                      labels:

         are the 3d normals to the faces of the cellular decomposition;
         ↔ extrinsic curvature at the faces and     ↔ area of the face.

 Superposition of spinnetwork states, but peaked on a given geometry.
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5  DYNAMICS  WITH COSMOLOGICAL CONSTANT

where

Wv(H�) =
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dGn
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Transition amplitude: boundary state ψ ∈ H

Vertex amplitude:
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graph truncation ↔ number of d.o.f  we want to describe
example: 2 tetrahedra glued along all their faces = triangulated 3-sphere

geometry ↔ coherent states can peaked on a given geometry
we choose an homogeneous and isotropic geometry

z l → z  where                      and 

transition amplitude from an initial to a final state 
(boundary states are fixed)

vertex expansion 
we consider the 1st order ↔ single vertex

semiclassicality ↔ coherent states + large distance
large distance       large spin j   (the graph truncation is well defined)

7  INGREDIENTS TO DO COSMOLOGY
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8  EVALUATION OF THE AMPLITUDE
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Re(z) ∼ ȧ
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9  EVALUATION OF THE AMPLITUDE
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3
2 ~  gaussian sum

max(real part of the exponent) 
gives where the gaussian is peaked;

imaginary part of the exponent=2kπ 
gives where the gaussian is not suppressed.
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10  NUMERICAL EVALUATION

a a

   The numerical study confirms the 
validity of the approximations taken 
to perform the previous calculation. 
The extrinsic curvature is linear in 
the scale factor, as characteristic in 

de Sitter space.

ȧ ∝ a    The sign of the λ-term. 
Expanding or contracting solutions have 
different signs. The quantum gravity vertex 
(with or without cosmological constant) is 
the sum of two terms with opposite time 
orientation. Thus the final amplitude does 
not depend of the choice of the sign.

ȧ ȧ



11  A HAMILTONIAN CONSTRAINT

It is possible to translate the information from the transition amplitude 
to an effective Hamiltonian constraint.

Our amplitude happens to satisfy an equation

With the cosmological constant: 
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12  SUMMARY & RESULTS

A simple way to add the cosmological constant to the dynamics of LQG.

It is possible to compute quantum transition amplitudes explicitly 
in suitable approximations: graph expansion 

vertex expansion
large volume expansion

There are approximations in the quantum theory that yield cosmology.

The transition amplitude computed appears to give the correct
                     Friedmann dynamics with Λ in the classical limit.

The theory recovers general relativity in the semiclassical limit, 
also for non-trivial solutions (de Sitter space).


