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Semiclassical gravity

G = 87T(T/w + <7A—w/>)

e T,, is the effectively classical matter source.

A

@ (T,,) is the Renormalised Stress-Energy Tensor (RSET)—the
vacuum expectation value of an operator constructed from a quantum
field and its derivatives. Ultimately, a function of the geometry.

@ Essentially a modified theory of gravity, with a robust physical
motivation.

A

@ Generally, <T/“,> ~ h. In practice, T, usually generates the bulk of
the background and the RSET acts as a perturbation.
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Semiclassical gravity

Gy =8m( Ty + (Tow))
@ Only very particular geometries have important semiclassical
corrections.

@ Aside from regions of large curvature, the RSET can also lead to
significant corrections when trapped regions are involved.

@ Generic outer horizons undergo Hawking evaporation, and inner
horizons are also thought to be unstable.
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Dynamical formation of charged black hole

@ Charged BHs formed from gravitational
collapse have an inner horizon!

@ Only the ingoing portion is a Cauchy
horizon

@ Causal structure is similar for the formation
of rotating and/or non-singular BHs.

@ We want to see how this region disappears
and what comes after.

@ (Classical mass inflation is ignored for now.)

'Boulware, Phys. Rev. D 8, 2363 (1973)
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Inner apparent vs Cauchy horizon

Past works: RSET at the Cauchy horizon itself
@ Divergence of RSET, impossibility of extending the spacetime

@ No mention of what may happen at the actual inner apparent horizon at
finite times

@ Hawking evaporation, backreaction at the inner horizon...
Is the formation of a Cauchy horizon ever approached?

@ The answer is no, but these works do provide some insight as to what the
magnitude of the effect around the inner horizon would be: asymptotically,
it is much stronger than classical mass inflation.
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Setup for full numerical evolution

@ We simplify the
collapse with a shell.

@ We use the Polyakov
analytical
approximation to the
RSET, and the |in)
vacuum state.

@ In the BH region, we
evolve numerically the

semiclassical Einstein

equations.?

7

2Parentani & Piran, Phys. Rev. Lett. 73, 2805 (1994)
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-
Equations

Metric:
ds® = —C(u, v)dudv + r(u, v)?d9?, (1)

Semiclassical equations (Q = charge, L, = Planck scale):
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r(u, v) contour plot.
Reference example,
Reissner-Nordstrom

re=1
r,-:3/4
L,=0

BHs after evaporation 20/12/24 o/15



r(u, v) contour plot.
Trapped region
evaporation.
Anti-trapped region

appears.
re =1

ri = 3/4
L,=1/4
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r(u, v) contour plot.
Zoom-out of previous,
now v goes up to 120.

Compare with
[Barenboim, Frolov,
Kunstatter,
Phys.Rev.Res. 6 (2024)
3, L032055]
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Trapped and anti-trapped regions

120+
100+

80+
@ Outer and inner horizons behave
initially like a power law
r~ (v —w)", with n ~ 0.05 for
outer and n ~ 0.15 for inner

> ol anti-trapped

401 @ Anti-trapped region surface grows
approx as r ~ log v
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Evaporation time as function of BH size
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@ Seems to be approx cubic, though note deviations at larger size
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r(u, v) contour plot.
Trapped region
evaporation.
Anti-trapped region
appears.
Wormbhole...?

re=1

ri = 3/4

L,=1/3
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Caveats and future work

@ Astrophysically relevant regime is the one with larger scale separation
(longer simulations needed).

@ Here Q is kept fixed (scale for the inner structure could change with
evaporation).

@ We can (and will) explore dynamics with different background models.

Thank you for your attention! J
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