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� Phantom accretion to Hawking evaporation

mt =

[
c3
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A(m)

|1 + ω| ρph

]1/4
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� Simplest non-vacuum solution: Vaidya metric

ds2 = (1 − 2m(ν)/r) dν2 − 2dνdr − r2dΩ2

� Einstein equations only support null dust (p = 0)

� Variable Vaidya–de Sitter and Bonnor–Vaidya present similar

limitations

g00 =

(

1 −
2m(ν)

r
+ λ(ν)r2 + e(ν)/r2

)

� Cosmological black holes: generalized McVittie solution

[Faraoni and Jacques, 2007]

ds2 =

(

1 − m(t)
2a(t)r

)2

(

1 + m(t)
2a(t)r

)2 dt2 − a2(t)

(

1 +
m(t)

2a(t)r

)4
(
dr2 + r2dΩ2

)
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� Proposed fluids

� Single perfect fluid

p = −ρ Schwarzschild–de Sitter

� Imperfect fluid with heat transport

[Faraoni and Jacques, 2007, Gao et al., 2008]

dm

dt
= ±

S(ρ + p)au1
(
1 − m

2ar

)

2

√

1 + a2
(

1 +
m

2ar

)

(u1)2
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� Imperfect fluid with heat transport

[Faraoni and Jacques, 2007, Gao et al., 2008]

dm
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S(ρ + p)au1
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� Two perfect dust-like fluids [Sultana and Dyer, 2005]

m(t)

a(t)
= m0
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null dark energy
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� Two non-interacting perfect fluids

Tµν = (ρ1 + p1) kµkν − p1g
µν + ρ2u

µuν

� Einstein equations only allow phantom dark energy

(ρ1 + p1)(k
1)2 + ρ2(u

1)2 = 0

� Black hole mass evolution

dm

dt
= −S

(
1 − m

2ar

1 + m
2ar

)4 [

(ρ1 + p1)
(
k0

)2
+

ρ2

√
√
√
√(k0)4

(ρ1 + p1)2

ρ2
2

−

(
1 + m

2ar

)2

(
1 − m

2ar

)2 (k0)2
(ρ1 + p1)

ρ2



 (3)
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� Full solution to the Einstein equations must determine

� ρ(r, t), p(ρ)
� a(t)
� uµ(r, t), kµ(r, t)

}

Already known for r → ∞

� m(t)

� Approximate solutions might provide a simple back-reaction framework

� Accretion of different types of fluids may be investigated

[Barrow, 1988]
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� Full solution to the Einstein equations must determine

� ρ(r, t), p(ρ)
� a(t)
� uµ(r, t), kµ(r, t)

}

Already known for r → ∞

� m(t)

� Approximate solutions might provide a simple back-reaction framework

� Accretion of different types of fluids may be investigated

[Barrow, 1988]

� Work in progress
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