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Abstract
40 years since the discovery of Hawking radiation,
its properties and consequences remain obscure.
One important problem concerns the entire evo-
lution history of evaporating black holes. This
is of paramount concern in view of the Informa-
tion Loss Paradox and the recent firewall contro-
versy. Since black holes inevitably pick up elec-
trical charges during their long life time, it is cru-
cial to study the behavior of charged evaporating
black holes. We study the evolution of charged
asymptotically locally Anti-de Sitter [AdS] black
holes with planar [R2] or toral [R2/Z2] horizon.
Such black hole is dual [in the sense of AdS/CFT]
to a field theory that behaves like Quark-Gluon
Plasma, and constitutes one of the most well-
understood quantum gravity systems, especially
when charged black holes are concerned.

The Firewall Controversy
Ahmed Almheiri, Donald Marolf, Joseph Polchin-
ski and James Sully [1] had recently pointed
out that in order for the highly scrambled infor-
mation to be recovered at the end of Hawking
evaporation [via subtle quantum entanglement
among the late Hawking particles and the early
ones], one must – in view of quantum monogamy
theorem – break the quantum entanglement
between ingoing and outgoing partner of the late
Hawking pairs. Consequently the near horizon
region is far from being a vacuum — any infalling
observer burns up at the horizon. This is in
stark contrast with what we expect from General
Relativity, in which horizon is not a special place.

Daniel Harlow and Patrick Hayden [2] argued
that the firewall argument involves decoding of
quantum information, and that generically such a
computation takes a very long time – exponential
in the Bekenstein-Hawking entropy of the black
hole – so that the black hole either completely
evaporates, or are destroyed in some other ways,
before the computation can be done. Regardless
of whether decoding is essential in the firewall
argument, it is important to investigate whether
Harlow-Hayden conjecture holds, especially in
the context of charged black holes.

Figure 1: Can quantum information be decoded
from Hawking radiation of an evaporating black hole?
Source: NewScientist, Fiery Black Hole Debate Cre-
ates Cosmological Wild West, Issue 2955 (2014).

Modeling Charged AdS Black Holes with Flat Event Horizon
In four-dimensions, asymptotically locally AdS charged flat black holes have metric tensor of the form
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We extend the approach of Hiscock & Weems [3] — modeling the charge loss by Schwinger formula,
and thermal mass loss via Stefan-Boltzmann law. This yields a coupled system of linear ODEs:
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where e and m are electron charge and mass, respectively, and rh locates the event horizon. This model
is legitimate when AdS curvature length scale is large, specifically, L� 1010 cm.

The Fate of Evaporating Charged Flat AdS Black Holes
We found that charge loss is always inefficient compared to mass loss, implying these black holes always
evolve toward extremal limit. In the case of toral topology, two possible fates await the black holes,
depending on the exact initial conditions. The evolution is solved numerically using Maple.

(1) If the temperature drops below ~/(2πKL), the black hole undergoes phase transition into soliton;

(2) If 92% of extremal limit is reached, Seiberg-Witten brane action becomes negative and brane
pair-production disrupts the spacetime geometry.

For planar topology, there is no phase transition — such black hole only gets destroyed by brane pair-
production instability. Here we show the case with K = 1 and L = 1015 cm, initial mass M(0) =
5.6× 1020 cm, and initial charge Q(0) = 6× 10−34 cm. [In “relativistic units” with G = c = 1, ~ 6= 1.]

Figure 2: Left: The charge-to-mass ratio against time. Right: The charge-to-mass ratio against temperature.
Dotted lines indicate the critical temperature below which the black holes undergo phase transition. The dot-
dash lines indicate the threshold beyond which black holes become unstable due to Seiberg-Witten effect.

Our result supports Harlow-Hayden conjecture that black holes are destroyed long before Hawking
radiation can be [generically] decoded, even by a quantum computer.
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