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✤ Einstein semiclassical equation:
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gabR = 8⇡hTabi!

This approach, however, have many difficulties, e.g.,  

(1) One does not expect it to be valid when the fluctuations of the 
stress energy tensor are “large" when compared to its mean 
value 

  (2) Even if/when it is valid, it is, in general, prohibitively difficult 
to solve it.                                               
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it seems reasonable to believe that quantum 
fluctuations amplified enough to menace the 
stability of relativistic stars cannot remain 
``quantum'' for too long.

If the quantum phase ends before vacuum fluctuations 
dominate the system, we expect backreaction to be well 
described by the CLASSICAL general-relativistic equations. 
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Ĥu =
1

2
p̂2⌦ � ⌦2

2
q̂2⌦

A.Landulfo,W. Lima, G. Mastsas, and D. Vanzella, PRD (2015)



From quantum to 
classical

⌃t2

⌃t

⌃t0

I+

I�

v(+)
$lµ = e�i$t F$l(�)p

2$ r(�)
Ylµ(✓,�),

w(+)
⌦ =

e⌦t�i⇡/4 + e�⌦t+i⇡/4

p
4⌦

F⌦(�)

r(�)
Y00(✓,')

Complete orthonormal set of 
solutions of KG equation

Hamiltonian: Ĥ = Ĥs + Ĥu
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†â⌦
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Thus, by the time backreaction becomes ineluctable the 
(unstable sector of the) initially pure vacuum state has 
evolved into a statistical mixture of (very) localized states in 
the field amplitude and momentum  representation.
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