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AN INTRODUCTION TO GRAVITY INDUCED
SPONTANEOUS RADIATION

WANG Yakun ZENG Dingfang
(Beijing University of Technology, Theoretical Division, Beijing 100124)

Abstract Gravity-induced spontaneous radiation (GISR) treats black holes as general quan-
tum systems with multiple levels and high degeneracy. As results, the intermediate state of
an evaporating black hole is a superposition of various black hole and radiation product combi-
nations with different mass ratios. Since the classical description of a black hole follows from
partially tracing out indices of this superposition, the entanglement entropy between the black
hole and its radiation products exhibits the first increasing then decreasing feature, aligning
with the prediction of Page curve. This work provides a concise introduction to the concept of
GISR, and calculates the entropy variation curve for an initially eight-fold degenerate black
hole., demonstrating that the late-time Rabi oscillations are significantly suppressed comparing
with its first cycle’s increasing-decreasing behaviour.
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FEAE A B] 15T B kRS AR A
ML HEAT T A8 A T — DR R IR 8
F) IR 7 X PR AL R R ARt 2. FRIA k.
Wl i 5 A &8 SE B Hawking %8 5 1Y
BLE & — MEB RV . A SCE IR 5]
J175F B R SRR HUGT [ e AL B S A
FEICID VIR G S N = S A/ 2o AN = N S I U 1
PE” XU 51 01375 8 A 4m S LRI AS BE UE o A RS
IR Hawking 48 9F, 75 A& SO 58 38, 2, 3
NN Ry SCE BB A 1 05 R IE B Y B Hawk-
ing 49 B BT A B 25 iR B OR R VR W 5
Qs e A E SR E A BRI BB L A A B F
W52 5 T O 33K ol 5 SR N AEAE

&8t . This paper is a review of the Gravity
Induced Spontaneous Radiation (GISR) [14-20].
The authors begin by reviewing the black hole in-
de-

scribes two schemes aimed at solving this prob-

formation loss paradox and the firewall,

lem: the Shapiro delay and the quantum extre-

mal surface, and presents his own scheme in-

spired by quantum optics, namely GISR. In this
review, black holes are regarded as quantum ob-
jects with degenerate energy levels similar to or-
dinary atoms. The radiation and the black hole
are always in a superposition. By improving the
degeneracy of the system, the authors numerical-
ly calculate the time evolution of the system and
obtain an evolution curve similar to the Page
curve.

Here are some comments that point out
some of the issues I wondered about while read-
ing this review, and could perhaps serve as a di-
rection for the author’s future work.

First, we already have a number of gravita-
tionally-like models that theoretically or experi-
mentally yield some of the properties of black
holes. Related work can be found in e. g. [Living
Rev. 14, 3 (2011) and arXiv: 2212,
08838 ]. However, simulating some physical phe-

Relativ.

nomena that can occur in a gravitational system
does not mean that this is the real gravitational
system. Therefore, the authors need to further
prove the advantages of their model. For exam-
ple, in Eq. (2. 2) the authors write the Hamilto-
nian of the model directly, where the black hole
is described by a diagonal matrix. It is reasonable
when we already understand the system we are
studying, such as the spin-boson interaction.
However, the quantum state of a black hole re-
mains an open problem, at which point we need
to construct the system in terms of Lagrangian,
so that we can specify the symmetry of the sys-
tem, the conserved quantities, and the types of
interactions. A similar example can be found in
[arXiv:2303.11534]. From equation (2. 2) alone
the reader will not be able to know the relevant
information about the system, and will not be
able to tell whether it can be used to describe a
black hole or not.

Second, models about black holes have to
include more dynamical properties of gravity,
such as the collapse process of black holes. The
models should also give rise to a spacetime gov-
erned by Einstein gravity. The authors need to

explain how ordinary matter becomes quantum
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objects with degenerate energy levels as de-
scribed in (2. 2) under the gravitational interac-
tions. A complete description of the black hole
information loss paradox should include the col-
lapse of ordinary matter into a black hole under
gravitational interactions, and the evaporation of
the black hole through Hawking radiation, thus
(dis) proving for the unitarity of the entire evolu-
tionary process. This information cannot be ob-
tained through interactions between quantum
systems alone, because usually one chooses an
evolutionary process that is already unitary, and
the results obtained are naturally unitary. In
short, the process requires the involvement of
specific gravitational interactions.

Finally, the authors’ argument does not
seem to include the evaporation of a charged
black hole. This is also partly due to the fact that
the authors do not give the lLagrangian of the
black holes, thus making it hard to determine the
fermionic interactions.

In summary, black hole information loss
paradox is one of the most important open prob-
lems in modern physics. The authors construct
an evolution of a quantum mechanical system
that can be used as an analog of black hole radia-
tion, which may help us to further understand
the radiation process of black holes. At the pres-
ent moment I cannot tell whether the model con-
structed by the authors is a correct description of
a black hole, but even if it isn’t, the study of the
evolution of quantum systems is valuable in its
own right.
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