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Figure 2: Penrose diagram for the gravitational collapse inside the event horizon (Region 1 and region
2) and outside the event horizon (Region3).

Solving the constraints equations (9) we obtain the known results for the classical dust matter gravi-
tational collapse [8].

2 Gravitational collapse in Ashtekar variables

In this section we study the gravitational collapse in Ashtekar variables [12]. In particular we will
express the Hamiltonian constraint inside and outside the matter and the constraints P1 and P2 in
terms of the symmetric reduced Ashtekar connection [13], [14].

2.1 Ashtekar variables

In LQG the fundamental variables are the Ashtekar variables: they consist of an SU(2) connection
Ai

a and the electric field Ea
i , where a, b, c, · · · = 1, 2, 3 are tensorial indices on the spatial section and

i, j, k, · · · = 1, 2, 3 are indices in the su(2) algebra. The density weighted triad Ea
i is related to the

triad ei
a by the relation Ea

i = 1
2ϵ

abc ϵijk ej
b ek

c . The metric is related to the triad by qab = ei
a ej

b δij .
Equivalently,

√

det(q) qab = Ea
i Eb

j δ
ij . (10)

The rest of the relation between the variables (Ai
a, Ea

i ) and the ADM variables (qab, Kab) is given by

Ai
a = Γi

a + γKabE
b
jδ

ij (11)

where γ is the Immirzi parameter and Γi
a is the spin connection of the triad, namely the solution of

Cartan’s equation: ∂[aei
b] + ϵijk Γj

[aek
b] = 0.

The action is

S =
1

κ γ

∫

dt

∫

Σ
d3x

[

−2Tr(EaȦa) − NH− NaHa − N iGi

]

, (12)

where Na is the shift vector, N is the lapse function and N i is the Lagrange multiplier for the Gauss
constraint Gi. We have introduced also the notation E[1] = Ea∂a = Ea

i τ
i∂a and A[1] = Aadxa =

Ai
aτ

idxa. The functions H, Ha and Gi are respectively the Hamiltonian, diffeomorphism and Gauss
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