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Abstract
Weconsider the effect of the double trace deformation on the eternal black hole. On the boundary
CFTs, the deformation can be considered the dissipation in the thermofield dynamics framework. In
this framework, the entanglement operator describes the dissipation effect in boundary CFT.
Corresponding toCFTs, thewormhole in spacetime and the defect in code subspace are formed as
dissipative structures. These dissipative structures realize efficient processing through hierarchical
information in the gravitational system. Further, the Fisher informationmetric renders the Lyapunov
functional, which gives a criterion for the stability of the eternal black hole.

1. Introduction

Spacetime geometry is considered to be deeply related to quantum entanglement. ER=EPR conjecture attempts
to solve the black hole information paradox by creating awormhole connecting far-apart spacetime pieces [1].
Wormholes are solutions to the Einstein equations that work as tunnels in spacetime. Einstein-Rosen bridge first
gives geometric interpretation as an object connecting two copies of the black hole geometry. Traversable
wormholes are considered for human short-cut travel throughwormholes [2, 3]. The study of traversable
wormholes is examined by general relativity. The stress energy tensor on thewormhole’s throat violates the null
energy condition (NEC) fromEinstein equations. In other words, wormholes are supported by negative-energy
matter, i.e., exoticmatter. NEC violation is a generic feature of all wormholes, whether they are time-dependent
or static. From this fact, the quantum effect plays amajor role in their foundation [3–5].

EPR paradox is a gedankenexperiment proposed by Einstein, Podolsky, andRosen. This paradox results
from a nonlocal property of quantummechanics: two distant quantumobjects do not always behave
independently, even if they are extremely far apart from each other. Namely, the locality is not established in
quantummechanics. These two objects are called entangled. The reason is that quantum entanglement exists
only when the state of a composite system cannot be expressed as a product of the quantum states of its
individual subsystems. The ER=EPR conjecture asserts that there exists an Einstein-Rosen bridge connecting
black holes (ER), which is equivalent to the quantum entanglement (EPR) of quantumparticles [6].

An eternal black hole establishes the situation verifying this conjecture. In the context of AdS/CFT
correspondence, the eternal black holewith two asymptotically AdS provides the two-boundaryCFTs. The
description of the eternal black hole state is based on thermo field dynamics (TFD). The above picture is agreed
with the doubledmulti-scale entanglement renormalization ansatz (MERA)network [7]. A doubledMERA
network is constructed by gluing two copies of the standardMERA together at infrared points by a bridge state
[8]. The continuous version ofMERA (cMERA) gives the surface-state correspondence [9].

The deformed theory gives the coupling of twoCFTs, leading to theNECviolation for thewormholes
[10, 11]. This deformed theory has a dissipative character, which has already been pointed out [12]. The
dissipation has universality phenomena from amicro to amacro perspective, such as non-equilibriumphysics
or decoherence [13]. For quantumdissipation in the scalarfield, the dissipation promotes a gappedmomentum
space and reduces the particle energy [14]. The framework of TFD is adequate for detailing quantum
dissipation [15, 16].
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Whenwe turn our attention to an exoticmatter violatingNEC,we find a squeezed quantum state as a
candidate, which realizesmatter with negative energy density. Gravitational interaction leads to a squeezed
matter vacuum, further supporting thewormhole structure, accompanied by negative energy density [3, 17].
The framework of TFD is also adequate for detailing squeezed quantum states. This study addresses that the
dissipation process relates directly to double trace deformation in an eternal black hole.

2. Eternal black hole

Banãdos, Teitelboim, andZanelli (BTZ) discovered that (2+1)-dimensional gravity has a black-hole solution
[18–20]. The BTZblack hole is asymptotically anti-de Sitter rather than asymptotically flat and has no curvature
singularity at the origin. At the same time, it has an event horizon and an inner horizonwhen rotating. Further, it
has thermodynamic properties as those of a (3+ 1)-dimensional black hole. The BTZblack hole in
Schwarzschild coordinates is given as follows:

f= - - + + +
- + +

+ -ds M
r J

r
dt

M
dr r d

J

r
dt

4

1

2
1

r J

r

2
2

2

2

2
2

4

2 2
2

2

2

2

2

2

⎜ ⎟⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠( )ℓ

( )
ℓ

Thismetric is the vacuumfield equations of (2+ 1)-dimensional general relativity with a cosmological
constant− 1/ℓ2. The parametersM and J are the standardADMmass and angularmomentum, respectively.
(2+ 1)-dimensional Einstein-Maxwell action is given as follows:
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From this action, we have the following charged BTZ black hole solution:
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.ω is constant in this expression. It is also possible to consider the
nonlinear Born-Infeld electrodynamics [21, 22].

Furthermodifications of the BTZblack hole solutions are found by allowing scale-dependent coupling
[23–28], by connectionwith string theory or horography [29–33] , and by introducing gravitational Chern-
Simons term [34].

We consider the eternal BTZblack hole , whosemetric is given as follows:
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The inverse temperature of the BTZblack hole p
r

2

h

2ℓ is determined by its horizon radius rh. Here and below, we

will set AdS radiusℓ= 1. Figure 1 is the Penrose diagramof an eternal black hole.
An eternal black hole has a holographic description, which is dual to two copies of CFT in an entangled state:

The system is described by two identical uncoupledCFT on the disconnected boundary: = Ä  L R. This
entangled state b ñ Î 0∣ ( ) is described by thermofield double state [35].
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whereβ is the inverse temperature of the black hole and |0〉= |0〉R⊗ |0〉L. In the above equation,k
R( ) andk

L( )

are annihilation operators at right CFT and left CFT, respectively, i.e., ñ = ñ = 0 0 0k
R

R k
L

L∣ ∣( ) ( ) . The energy
level is discrete, and corresponding energy states are |En〉L, |En〉R.

The state |0(β)〉 represents a single black hole on thermal equilibrium. |0(β)〉 is invariant underH, which
corresponds to the bulkKilling symmetry and the difference ofHamiltonians of the twoCFTs.

= -H H H . 6R L ( )

3.Dissipation fromdouble trace deformation

Double trace deformation considered byGao, Jefferis,Wall (GJW) can be understood from the dissipative
viewpoint [11, 12]. Themain characteristic of theGJW construction is a non-local interaction between the two
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boundaries, introduced through a small deformation of the original CFTHamiltonian. From the BDHM
(Banks, Douglas, Horowitz,Martinec) prescription [12, 36, 37], afield near the boundary of the AdS black hole
can be a linear combination of the creation and annihilation operators. Especially, we choose the same operators
shown in equation (5):
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Webuild amodifiedHamiltonian by summing up these terms:
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where thefinite sumof themomentum is denoted by the set .

3.1. Time evolution of the boundaryCFT
Weoutline the dissipativemodel of the conformal field. The Lagrangian of a dissipativemodel of the conformal
field is given by

ò f y
g

f y y f= ¶ ¶ + ¶ - ¶m
mL d x

2
, 10d

t t{ }( ) ( )

where γ is the damping coefficient.We have finite a propagation range from this Lagrangian:f,ψ∼ e− γ t/2 [14].
The second term leads to damping and corresponds to themodifiedHamiltonian of equation (9).

From this viewpoint, double trace deformation can be understood as quantumdissipation [15, 16]. The time
evolution of the state |0(β)〉 is given by

Figure 1.Penrose diagramof eternal black hole.
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LS is expressed by replacingk
R( ) withk

L( ). RS and LS are the entropy operators for the dissipative system
[15]. By themodifiedHamiltonian δHb, a portion of t( )D is time-dependent:
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As a result, CFT calculates the entropywhich is realized in spacetime:
s
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whereG3 is the three-dimensional Newton constant, andσ is theminimal surface area in the holographic
geometry [38]. Concretely, aminimal area surface is placed at thewormhole’s throat. In addition, Sbulk is the
bulk entanglement entropy across the throat [39] derived from the dissipation process.

3.2. Time evolution of the gravitational system
Weconsider the gravitational system’s evolution corresponding to the boundary CFT. The state corresponding
to the gravitational system can be understood from the following: The vacuum state of the eternal black hole is
given by theKruskal patch. A similar situation can be seen among theMinkowski vacuum andRindler
thermofield double state [40, 41]. By selecting the bulkmode Hk

( ), the global bulkfield operator living in the
entire eternal black hole is given as follows [11]:
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The deformation does not constrain thesemodes’ asymptotic behavior at order γ. bk
( ) is the annihilation

operatorwhich defines the vacuum |0(κ)〉. Because the bulk-free field two-point function in the BTZ
background and that in theKruskal vacuum |0(κ)〉 are same as up to normalization, |0(κ)〉 can be recognized
bulk state corresponding boundaryCFT [11, 42].
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equation (19) shows that operators R
k
( ) and L

k
( ) are gauge theorymodes rescaled by a two-point Green

function. From this rescaling, the identification among R
k
( ), L

k
( ), and ak

I( ), ak
I I( ) is possible [43].

The states dual to a convex closed surface are related by the surface/state correspondence.
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where a smooth deformation preserving convexity connects two surfaces, andU(s1, s2) is a unitary
transformation [44]. From this correspondence, the state |0(β)〉 of the boundaryCFT and the state |0(κ)〉 have
the following relation:
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configurationwhere the pair a ak k
I I I( ) ( ) is condensed. This state varies by the change in the pair’s distribution. The

pair isNambu-Goldstone (NG)mode corresponding to the symmetry  . From this fact, the pair a ak k
I I I( ) ( ) has

zero energy. |0(κ)〉 posses the entanglement entropy between differentmomentumdistributions as shown in
equation (22).

Without the dissipation, the change |0(β)〉→ |0(β+Δβ)〉 in boundary CFT can be transitioned among
thermal state. This transition corresponds to the transition |0(κ)〉→ |0(κ+Δκ)〉 in the gravitational system and
results from the change of spacetime structure, including the variation of the horizon radius.

In general, mapping among boundaryCFT’s states and bulk’smultiparticle states can be complicated [45].
For establishing the thermal state, generators have different properties. From equation (5), the generator
of the boundaryCFT is given as = å -bw- -    G tanhk
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taken over discretemomentum.On the other hand, the generator of the gravitational system is given as
= å F -w a a a ak k k k k

I I I I I I( )( ) † ( ) † ( ) ( ) , where summation over k symbolizes the integral. The gravitational system
needsNGmodemadewith continuousmomentum for thermal transition. Equation (5) and equation (22) show
that the discrete sumofmomentum in the boundary CFT corresponds to the infinite integral interval in
momentum for the gravitational systemwhen considering the thermal state. Then, thefinite sum in boundary
CFT corresponds to thefinite integral inmomentum for the gravitational system.

From this consideration, the boundaryCFTs’ deformation shown in equation (11) corresponds to
dissipation to the gravitational system as follows:
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In the above expression, we define themodifiedHamiltonian δHg from the identification in equation (19):
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In the above expression, ̂ is obtained by interpolating the value in with a continuous value.
We concentrate on the deformation effect on the state of the gravitational system. The transition is caused by

the generator  tD( ) given in equation (23)when the dissipation is applied. The fact that  tD( ) does not
annihilate the state |0Grav (t)〉:

ñ ¹ t t0 0 26D Grav( )∣ ( ) ( )

shows that |0Grav (t)〉 is not invariant by the generator  tD( ). From the generator  tD( ), the quasi-particle
operator is given by the BogoliubovmatrixBk:
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I( )-quantum and ak

I I( )-quantum, the dissipative nature is
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I I( )-quanta. From this equation, ak
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time-decaying exponentially fromdissipation. The evolution of |0Grav (t)〉 is obtained by differentiating
equation (23):
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This equation shows that the time evolution of the vacuum in a non-equilibrium state is realized by the
condensation of the time decayingNGmode a ak k

I I I( ) ( ) ( Î k ˆ ) into the thermal vacuum.
If the deformedHamiltonian is stopped to operate, the system returns to a thermal state, and the energy of

the excitation becomes zero superficially. During the above process, energy by the deformation spreads over the
spacetime and is lost at the end. Because the systemof quantum fields has an infinite number of degrees of
freedom, the system absorbs finite changes in energy without changing the thermal state.However, applying
larger deformation leads to the instability of spacetime.

Next, we turn our attention to the characteristic phenomena on thewormhole’s throat. The degrees of
freedomof annihilation and creation operators are generated from separatelymanipulating the quantumfield in
regions (I) and (I I). The degrees of freedom reduce to half in the neighborhood of themidpoint of the throat.
The vanishing energy of a ak k

I I I( ) ( ) shows that ak
I I( ) behaves like ak

I( ) with the opposite sign of energy. This fact leads

to the situation thatå -t a a a aGk k k k k
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I I I I( ( )( ))( ) † ( ) † ( ) ( )D
around the throat. (− k) in a−k denotes the opposite sign of energy. This effect has been discussed in [46].

As a result, D causes a time-dependent single-mode squeezed state around the throat. Concretely, the
damping characteristic of the pair -a ak k

I I( ) ( ) ( Î k ˆ ) induces a time-dependent single-mode squeezed state. In
this state, the fluctuation increases the expectation value of negative energy density. Accordingly, the single-
mode squeezed state violatesNEC. The violation ofNECwidens the area of the throat.However, an astronaut is
not allowed to enter thewormhole because TFD is afine-tuned state [11].

From the holographic viewpoint, thewidened area of the throat increases the entanglement entropy. The
following is a specific explanation of entropy generation. The generator corresponding to the single-mode
squeezed state at the throat has the same expression as time-dependent quantumquenches. The information
metric is considered in connectionwith cMERA [47]. In parallel with this argument, we consider the
gravitational system. |0Grav(t)〉 can be expressed as follows:

åñ = ñ-t e a a0 exp 0 , 32Grav
k

k k
2 I I IG ⎧
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⎫
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GS corresponds to the entropy operators of the boundary RS and LS , which are defined in equation (12). The
expectation value of GS is equivalent to equation (14). From equation (32), we have the following equation.
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This equation shows the entropy variations give time evolution.
Σu is the one-parameter family of codimension-two closed surface, where u is the scale where

u=−∞ corresponds to IR and u= 0 corresponds toUV. Fisher informationmetricmeasuring the distance
between the two different quantum states is given by follows [44, 47].

= - áF S F S ñ+G du 1 . 35uu u u du
2 ∣ ( )∣ ( ) ∣ ( )

In our situation, quantumdistance is given as follows:

å

= - á + ñ

= - á ñ-

G du t u t u du

t u e a a

1 0 , 0 ,

1 0 , exp 0 . 36

uu Grav Grav

Grav
k
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2
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⎫
⎬⎭

∣ ( )∣ ( ) ∣

∣ ( )∣ ∣ ∣ ( )( ) † ( ) †S

equation (32) shows that |0Grav(t)〉 is determined by the ak
I( ) variables, which projects the system (I)with the

elimination of the ak
I I( ) variables. This fact suggests that the quantumdistance among single-mode and two-

mode squeezed states is different from that among two-mode squeezed states. Then, we can consider the time
variation of themetric.

¶ =
+ ñá +

á + ñ

+
+ ñá +

á + ñ

¶
¶

¶
¶
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t u t u du t u du t u

t u t u du

t u t u du t u du t u

t u t u du
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0 , 0 , 0 , 0 ,

0 , 0 ,
. 37
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S

S

This equation shows that the time derivative of the Fisher information relates to the entropy generation rate. On
the other hand, without dissipation, =¶

¶
0

t
GS leads to∂tGuu= 0. This state is an equilibrium state.

LetA andB be the locations at equal displacements du

2
from the center of the throatM in the regions (I) and

(I I) directions.

¶ = -
¶
¶

á ñ =-
¶
¶

á ñG du
t

t u t u
t

t u t u0 , 0 , 0 , 0 , . 38t uu Grav A Grav M Grav B Grav M
2 ∣ ( )∣ ( ) ∣ ∣ ( )∣ ( ) ∣ ( )

This equation shows that the∂tGuu corresponds to the rate of change in information from theNEC violation
by a single-mode squeezed state at the throat. Thewormhole’s throat functions as an interface between (I) and
(I I), which is a trigger for generating the correlation between quanta ak

I( ) and ak
I I( ). This correlation leads to the

generation of bulk entanglement entropy Sbulk. At the same time, equation (29) and (31) show that condensed
quanta a a,k k

I I I( ) ( ) Î k( ˆ ) decaywith time, which decreases the correlation and also contributes to Sbulk.

3.3. Information processing
The previous sections describe transitions among the thermal states and the dissipative process. These
descriptions suggest that boundaryCFTs function as a gravitational system controller, which implements the
information processing between boundaryCFT and the bulk gravitational system.

We detail the information processing between boundary CFTs and the bulk gravitational system in the
following. Two Fock spaces are inequivalent if the state vectors in one Fock space are not a superposition of the
state vector of another Fock space [48]. Because the same observed particles describe the systemon the
dissipation process, the equivalent Fock space is used, and efficient information processing is realized.

The code subspace ismade from the vacuum |0Grav(t)〉, which belongs to the Fock space [49]. NGmode is a
communication device among the particles in the condensate for information processing, which can propagate
over spacetime and enables robust functioning code. Further, information transmission based on the squeezed
NGmode reduces the number of steps of the information process by using the generation of quantum
entanglement [48].

The eternal black hole provides an open system. If the deformation is applied, the system approaches to non-
equilibrium state. The deformation brings about an outstanding feature inCFT’s information processing. The
main point is that the deformation brings about hierarchy in information. Deformation differentiates NG
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modes into those that decaywith time and those that do not. This differentiation creates the underlayer of the
information, which is the base structure of information. Further, the underlayer of the information is
subdivided from functionality. One function is to dissipate the information, and the other function is to increase
thefluctuation of the information.

Specifically, it can be explained as follows: degrees of freedombecome a half around thewormhole’s throat.
This characteristic provides different types of squeezing at the throat and outside the throat. This functionality
provides the upper layer of the information, which plays a crucial role in information processing. This
differentiation of functionality creates a hierarchy of information shown as table 1.

Single-mode squeezedNGmodewith time-decay constructs awormhole, which dynamically changes the
topology of spacetime to stabilize the non-equilibrium state. Thewormhole’s throat functions as an interface
between (I) and (I I) and correlates them. This correlation leads to the generation of bulk entanglement entropy
Sbulk. In this process, R LS in CFTs can calculate the generated entropy. Controller CFT gives the entropy GS for
the gravitational systemby interpolating the R LS . Calculating the expectation value of R LS at theCFT gives the
expectation value of GS , which lightens the burden of CFTs’ processing power.

In this context, thewormhole is called a dissipative structure. A non-equilibriumdissipative system is a
system inwhich dynamic stability ismaintained by taking in information from the external environment and
dissipating it. This systemneeds a dissipative structure, which is a self-organizedmacroscopic structure for
maintaining dynamic stability [13]. The function of increasing fluctuation of information and dissipating
information as an interface establishes awormhole’s self-organization.

Another realized dissipative structure is the defect formed in the code subspace |0Grav(t)〉 by the time-decay
NGmode shown in equation (31). The defect acquires information from the time-decayingNGmode and
changes the distribution of pair-condensate in the thermal vacuum.

In the following, we explain the uplink and downlink of the information shown infigure 2.
Uplink: By equation (21), boundary CFT’s vacuum is converted to the vacuumof the gravitational system.

Deformation on the boundaryCFT is expressed inmodifiedHamiltonian δHb shown in equation (9).When the
deformation δHb is applied to the boundary CFTs, CFTs as controllers cause the dissipative process to the
gravitating systemby operating δHg, shown in equation (24). The identification in equation (19) is used to
convert the discrete sumofCFToperators to the continuous sumof operators in the gravitational system. This
manipulation leads to interpolating the degrees of freedomof δHb.

Instead of using the identification here, entanglementmanipulation can achieve interpolating.During the
thermal state, the information ofNGmode is entanglement concentrated for storing ebits or distilled to a
maximally entangled state. This stored information can be restored for generating thenecessary degrees of
freedom.Classical communication amongboundaryCFTs for thismanipulation can beneglectedwhen storing a
large number ofNGmodes for entanglement concentration.On theother hand, amaximally entangled state needs
classical communication formanipulation. In the processing,wedonotfind the generation of entanglement
entropy [50, 51]. This operation allows theCFTs to realize interpolating but imposes a heavyburden on theCFTs.

The added deformation creates a time-decayNGmode, which causes a change in pair-condensate by
forming a defect in the code subspace. The two-mode squeezedNGmode communicates this change in the
distribution of pair-condensate. The two-mode squeezedNGmode changes to the single-mode squeezed state
on the throat. Further, its time decay naturewidens the throat. This effect contributes to entropy generation and
allows the throat to interface between the two regions (I) and (I I). This interface allows a single-mode squeezed
NGmode to transmit information between the two regions. Regions (I) and (I I) can share the information
through the information transmission. Then, this interface helps to correlate quanta between them,which leads
to the generation of SBulk.

Downlink: A single-mode squeezedNGmodewill change to a two-mode squeeze in the bulk after
exchanging the information. This variation causes a change in the distribution of pair-condensate in the code
subspace. This change in the distribution of pair-condensate is transmitted by the two-mode squeezed
NGmode.

Table 1.Hierarchy of information.

Underlayer Upper layer Dissipative structure Function

Time decay Single-mode squeezed Wormhole Information production

Information transmission

Two-mode squeezed Defect Information dissipation

Information transmission

No time decay Single-mode squeezed Wormhole Information transmission

Two-mode squeezed Defect Information transmission
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IfCFTs can take over the entanglementmanipulation, CFTs store this information for generating degrees of
freedom.CFTs detectNGmodes and entanglement concentrate or distill to amaximally entangled state. From this
processing, bulk degrees of freedomare encoded into the boundaryCFT. BoundaryCFTs can keep the spacetime
stable if they have the feedback functionwhich force-quit thedeformationwhendetecting the instability.

4. Stability of black hole

Ablack hole under the deformation is in a non-equilibrium state. In the following, wewill explainwhether it is
stable or not.

The time derivative of the quantity F(t)= 〈0Grav(t, uA)|0Grav(t, uB)〉, whereA andB be the locations at equal

displacements du

2
from the center of the throat, gives the expectation value of entropy generation rate:

¶
¶

=
¶
¶

á ñ = á
¶
¶

ñ
t

F t
t

t u t u t u
t

t u0 , 0 , 0 , 0 , 39Grav A Grav B Grav A
G

Grav B( ) ( )∣ ( ) ( ) ( ) ( )S

As shown in equation (38), the informationmetric betweenA andB is given as follows:

¶ =
¶ + ¶* *

G du
tF t F t F t tF t

F t
40t uu

2 ( ( )) ( ) ( )( ( ))
∣ ( )∣

( )

|∂tF(t)| can be regarded as Lyapunov functional, which gives a criterion for the stability of the eternal black
hole. This is because |∂tF(t)| satisfies |∂tF(t)|> 0 in non-equilibriumprocesses and |∂tF(t)|= 0 in equilibrium
states. In a stable non-equilibrium state, |∂tF(t)|>

∃ε> 0. According to the criterion, the non-equilibrium state

is stable when ¶ <¶
¶

F t 0
t t∣ ( )∣ . Because |∂tF(t)| represents the rate of change of the non-equilibrium state,

stability requires that the rate of change be decelerated. The information at thewormhole’s throat describes the
non-equilibrium state of the eternal black hole.Methods for analyzing stability from information geometry have
already been developed [52].

Figure 2. Schematic diagramof information processing. Boundary CFTs control the gravitational system.
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In the following, we summarize the eternal black hole’s stability analysis from |∂tF(t)|.figure 3 indicates
limits of integration that ensure the stability of a black hole. Let be the region bounded by the curve ab,
momentum |k|= 0, and temperatureT= 0.Under constant temperature, the black hole is stable when the

interval of integration of ¶¶
¶

F t
t t∣ ( )∣ is afinite interval where both limits belong to, as shown by the solid

arrows. Figure 3 shows that the interval of integration that gives stability becomes large at higher temperatures.

Figure 3.Phase diagramon the (|k|,T) plane. The curve ab is the phase boundary separating the stable phase and unstable phase. Solid
arrows limits of integration of ¶¶

¶
F t

t t∣ ( )∣when the black hole is stable.

Figure 4.Diagram of doubledMERAnetwork. Two copies of the standardMERA are glued.
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Usually, theGlansdorf-Prigogine criterion is used for non-equilibrium stability. This criterion utilizes
quadratic variations of the system’s entropy− δ2S/2 as a Lyapunov functional. The quadratic variation of
entropy that is locally in equilibrium is negative. This fact can be understood frompositive heat capacity:

d = - dS C T

T

1

2
2

2
V

2

2

( ) ,whereCV is heat capacity.

This functional gives the criterion for instability: the excess entropy production dd

dt

S

2

2

gives the criterion for

instability. The non-equilibrium state is stable if the >d 0d

dt

S

2

2

. The condition <d 0d

dt

S

2

2

is the necessary

condition of the instability, but it is not a sufficient condition [13]. >d 0d

dt

S

2

2

indicates that the absolute value of
the quadratic variations of entropy decrease, i.e., the fluctuations of entropy decrease. On the other hand, our
discussion shows that the Lyapunov functional |∂tF| corresponds to the rate of entropy change and that stability
is achievedwhen the rate is decelerated. Our argument and theGlansdorf-Prigogine criterion include the same
context, i.e., both criteria are consistent in that the fluctuations of entropy are decreasing. As a result, there is a

possibility of a thermodynamic trade-off between ¶¶
¶

F t
t t∣ ( )∣and excess entropy production dd

dt

S

2

2

[52].
As the deformation becomes large, the damping characteristic becomes strong. This effect leads to the

widening of thewormhole’s throat and a decrease in correlation. As a result, instability in the TFD is induced,
which is similar to the effect of shockwaves [53, 54].

Holographic entanglement entropy’s increase can be understood from the viewpoint of doubledMERA
network shown infigure 4.Dissipation accompanies the time-decay of ak

I( ) and ak
I I( ). BoundaryCFTdetects the

time-decaymodesmade of quantum ak
I( ) and ak

I I( ). This detection shows a decrease in the physical degrees of
freedomof the corresponding operator on the boundaryCFTs. Then, the doubledMERAnetwork’s layer
number reduces, and the holographic entanglement entropy increases.

5. Conclusion

Weconsider the effect of the double trace deformation on the eternal black hole. On the boundaryCFTs, the
deformation can be considered the dissipation in the thermofield dynamics framework. In this framework, the
entanglement operator describes the dissipation effect in boundaryCFT. CFTs can become the controller with a
small processing load and implement a non-equilibrium state in the gravitational system. Further, CFTs utilize
NGmode to detect condensation configuration and encode bulk degrees of freedom.

Corresponding toCFTs, thewormhole in spacetime and the defect in code subspace are formed as
dissipative structures. These dissipative structures realize efficient processing through hierarchical information
in the gravitational system. In this processing, NGmode functions as a communication device over spacetime.

Further, the Fisher informationmetric renders the Lyapunov functional, which gives a criterion for the
stability of the eternal black hole. Instability is caused as the deformation becomes large. Strong damping
characteristic leads to thewidening of thewormhole’s throat and the decrease in correlation. As a result,
instability in the TFD is induced, which is similar to the effect of shockwaves [53, 54]. Since these factors that
create instability are dimension-independent, similar instabilities exist for higher-dimensional black holes.

Charged black holes have rich spacetime structure when themodel parameters are varied, where spacetime
properties determine the condition of phase transition. Further, the presence of charge introduces a correction
term to the entropy. As a result, we have amore complex phase diagram for an eternal charged black hole
[22, 55, 56].

It is known that topological phase transitions can be detected from the c-function [57]. In our situation,
althoughNEChas been broken in three-dimensional spacetime, the informationmetric detects the instability
and plays a similar role as the c-function.
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