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the transition from two-sided to one-sided black hole in the familiar example of perturbed

thermofield double. If Alice perturbs thermofield double and waits for scrambling time,

she will have a one-sided black hole with interior of her own. We argue that by similar

mechanism the radiation gets access to the interior (island forms) after Page time. The

growth of the island happens as a result of the constant transitions from two-sided to

one-sided black holes.
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1 Introduction

In the recent work of [1] and [2], the authors studied the geometry of an evaporating black

hole. They found that there is a jump of the location of RT surface around Page time. In

this paper we give an interpretation of this geometry from the point of view of quantum

circuit.

Consider an evaporating black hole formed from a pure state as discussed in [1, 2].

Before Page time, the RT surface is empty set and the interior is inside the entanglement

wedge of the black hole. After Page time, the interior is mostly inside the entanglement

wedge of the radiation due to the appearance of an island [3].

This may seem puzzling from the point of view of radiation since just after the tran-

sition we have a large jump in the size of the region contained in its entanglement wedge.

Why is it that adding a few more qubits to the radiation gives rise to such large change?

Why does the bulk region belonging to the radiation (island in [3]) keep growing after Page

time while the radiation itself doesn’t do any computations? In this paper we will answer

these questions from the point of view of quantum circuit.
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For a holographic state with a bulk dual, the bulk geometry reflects the minimal circuit

preparing the state [4–6]. From studying the uncomplexity of subsystems, we identify

different parts of the quantum circuit as belonging to different subsystems [7].

In section 2, we briefly review some ideas about quantum circuit we use in this paper.

In particular, we will identify different parts of the quantum circuit as belonging to different

subsystems. We revisit the familiar example of perturbed thermofield double and look at

the transition from two-sided to one-sided black hole1 after scrambling. In section 3 we

apply these ideas to evaporating black holes. We will see that the appearance of the island

belonging to the radiation [3] can also be understood as a transition from two-sided to

one-sided black hole. As evaporation continues, such transitions constantly happen and as

a result the island keeps growing.

The difference is that, for perturbed thermofield double, the scrambling is a result of

future time evolution. For evaporating black hole, the scrambling is done by the existing

circuit stored in the wormhole on a spatial slice.

2 Review of quantum circuit

2.1 Bulk tensor network and quantum circuit

In [4], Swingle argued that AdS bulk geometry reflects a MERA-like tensor network prepar-

ing the CFT ground state. In [5], Hartman and Maldacena made a connection between

tensor network and time evolution. They pointed out that for thermofield double, the

Hamiltonian evolution at thermal scale make up the tensor network corresponding to the

interior geometry.

In [6], Susskind described a quantum circuit model of black hole time evolution. Fig-

ure 1 illustrates the evolution of thermofield double.2 The initial state is a product of Bell

pairs and the red lines represent gates on two qubits. Susskind pointed out that once we

lift the quantum circuit in figure 1 and lay it on a spatial slice, we get a tensor network

description of wormhole at time t. Figure 2 is also from [6]. The gates in the quantum

circuit of figure 1 become tensors in the tensor network representing the wormhole (ERB)

at time t. In what follows, we will say that the gates are stored in the wormhole.

2.2 Quantum circuit belonging to different subsystems

When the system is composed of two parts A and B, we can identify part of the quantum

circuit as belonging to subsystem A and part of the circuit as belonging to subsystem B.

As argued in [9], the growth of the black hole interior is fueled by the uncomplexity

of a state [10]. When the system is composed of two parts: A and B, we can look at the

uncomplexity of each subsystem [7].

Assume A and B together are in an entangled state |ψ〉. We focus on subsystem A. As

long as the state |ψ〉 is not maximally complex, generic operations on A will decrease the

uncomplexity of |ψ〉 [10]. Among these operations, some of them do not change the density

1Here, when we say Alice has a one-sided black hole at some time, we mean that if she jumps into the

black hole at that time, her experience can be completely determined by the operations on her side. We

will discuss this in more detail later.
2This figure is from [8]. I thank Leonard Susskind for allowing me to use this figure.
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Figure 15: Quantum circuit modeling the evolution of the TFD state. The initial state
is a product of Bell pairs shared between the left and right sides. Each side evolves
independently of the other.

and the depth is the amount of time the system has evolved.

Tensor networks are thought of as existing in bulk space–at a fixed instant which

represent the state at that time [18][19][14]. If one wants to vary the time one updates the

tensor network by hand.

But from an abstract point of view tensor networks and quantum circuits are close

relatives. In fact a quantum circuit is a particular type of tensor network in which the

vertices are unitary matrices. Indeed there is evidence that the TN representation of many

states is just the QC that one would use to evolve the state from a simple starting point.

In the context of black holes it seems that the TN representing the state of an ERB is

exactly the QC representing the evolution up to that time. We can take the example of

the QC in figure 15. All we have to do to make a TN description of the ERB at time t is

to lift it so that it is stretched across the space between the two endpoints. A crude sketch

of this is in figure 16.

More precisely the TN can be laid out to fill the maximal surface connecting the

boundary points at t on the left and right side. In this way we represent the state at t

by a tensor network in the manner of Hartman and Maldacena. As time increases we add

more to the ends of the TN in the left and right corners. The minimal quantum circuit

33

Figure 1. A quantum circuit representing the time evolution of thermofield double.

Figure 16: The quantum circuit in figure 15 can be lifted up to the maximal slice where
it defines a tensor network description of the ERB.

will translate in this way to the minimum tensor network representation of the state.

We may think of the TNs as networks of cables, each containing K strands. The

cable networks have a coarse-grained geometry to them. Roughly speaking the metric

represents the minimum number of edges connecting nearby points. It may be thought of

as a discretization of the spatial geometry of the ERB. However this only makes sense for a

black hole far above the Hawking page transition. The geometry is coarse-grained so that

the cable thickness represent a resolution no finer than the ADS scale l. Finer resolution

is encoded in the substructure of the cables in a non-local manner.

The geometry of the TN is connected with the Einstein geometry of the maximal slice.

Roberts, Stanford, and I [9][7] have devoted several papers to confirming the following

proposition:

The geometry of the minimal tensor network (equivalently the minimal quantum cir-

34

Figure 2. Quantum circuiti in figure 1 becomes the tensor network representing ERB at time t.

matrix ρA. If we write ρA in Schmidt basis, it’s easy to see that the unitary operations

that do not change ρA are the relative rotations of the Schmidt basis. They can be undone

from subsystem B. These operations only make sense when we have both subsystems A

and B. They do not belong to either subsystem alone as they do not change the density

matrix of A or B.

On the other hand, there are unitary operations on A that cannot be undone from

subsystem B. They will contribute to A’s uncomplexity. Consequently, when there is a

– 3 –
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Figure 3. A wide Penrose diagram corresponding to an entangled pure state of combined AB

system.

quantum circuit connecting A and B, we identify those gates that can be undone from A

but not from B as belonging to subsystem A, those gates that can be undone from B but

not from A as belonging to subsystem B.

This has a holographic interpretation. Consider combined AB system in a pure state

|ψ〉 with a dual bulk geometry. The bulk geometry reflects the minimal tensor network

preparing this state. In [7] we made the following observations related to subregion dual-

ity [11].

In figure 3, the blue dot represents the RT surface whose area gives the entanglement

entropy between subsystems A and B. The gates in the tensor network that can be undone

from A but not from B are stored inside A’s entanglement wedge (red region in figure 3).

The gates that can be undone from B but not from A are stored in B’s entanglement wedge

(pink region in figure 3). The gates that can be undone from both sides do not belong

to either subsystem. They are stored in the entanglement region which is out of both

entanglement wedges (orange region in figure 3).

In this paper we will study evaporating black hole from these observations.

2.3 Transition from two-sided to one-sided black hole

2.3.1 Two-sided black hole

We start from thermofield double shared between Alice and Bob. Alice has subsystem

A and Bob has subsystem B. In terms of quantum circuit Alice and Bob share S Bell

pairs. At this stage they have zero uncomplexity as their computations can be undone by

each other. Figure 4 shows the corresponding quantum circuit and wormhole geometry at

tL = tR = 0. The wormhole is shortest at this time.

As we increases tL or tR, the minimal quantum circuit preparing the state gets longer

((a) in figure 5). The circuit is stored on the wormhole and the wormhole also gets longer

((b) in figure 5). Notice that the gates stored in the quantum circuit can be undone from

both A and B. Correspondingly, the wormhole can be shortened from both A and B. The

interior region (orange line in figure 5) does not belong to either A and B. It belongs to

the union and A and B by the miracle of ER = EPR [12].

2.3.2 Compare two-sided and one-sided black holes

When Alice has a two-sided black hole, the interior is outside her entanglement wedge.

Alice cannot predict an infalling observer’s experience. From the point of view of the

– 4 –
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<latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit>A

<latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit> B
<latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit>

(b) Wormhole geometry
<latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit>

(a) Quantum circuit
<latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit><latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit><latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit><latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit>

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

Figure 4. We represent thermofield double by S Bell pairs.

A
<latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit> B

<latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit>

A
<latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEFWZyM</latexit>

B
<latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</latexit>

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

(a) Quantum circuit
<latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit><latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit><latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit><latexit sha1_base64="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</latexit>

(b) Wormhole geometry
<latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5ZqWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit>

Figure 5. Time-evolved thermofield double.

quantum circuit, as the circuit gets longer, the gates in the circuit does not change Alice’s

density matrix. The expansion of the interior is fueled by the relative rotation of the

Schmidt basis, not Alice’s own uncomplexity.

When Alice has a one-sided black hole, she can predict an infalling observer’s experi-

ence. The expansion of the interior is fueled by Alice’s uncomplexity. Because we use the

term of “one-sided black hole” in such a flexible way, the property of a black hole being

two-sided or one-sided can be a time-dependent quantity. In particular, we do not mean

counting the number of boundaries. We will come back to this later.

2.3.3 Perturbed thermofield double

The bulk geometry of thermofield double with a simple perturbation was studied in [13].

The authors found that there will be significant backreaction after scrambling time. We

look at it from the point of view of quantum circuit [7]. In the next section we will draw

analogy with the appearance and growth of island in case of an evaporating black hole.

We start form thermofield double shared by Alice and Bob. Now Alice throws in c

qubits from the left side at time tw where c is much less than the black hole entropy.

In [8, 14], an epidemic model was used to study perturbed quantum circuit and the growth

of a precursor. We briefly review it here. Represent the black hole dynamics by Hayden-
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tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

one-sided black hole
<latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit><latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit><latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit><latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit>

A
<latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit>

tw
<latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit>

tw + t⇤
<latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit>

two-sided black hole
<latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit>

B<latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit>

c qubits
<latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit>

Figure 6. Quantum circuit representing perturbed thermofield double.

tw
<latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit><latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit><latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit><latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit>

tw + t⇤
<latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit>

A
<latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit>

one-sided black hole
<latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit><latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit><latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit><latexit sha1_base64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp/w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3//w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMttemGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBDRUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUutHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0yrArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXqv3pv3Pm2d88qZHTID7/MbXfikkw==</latexit>

B<latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit>

two-side black hole
<latexit sha1_base64="7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSgNBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMmd1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yIykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrhMwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8UPcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwVdJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRuI7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZhT4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dkYvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIMqmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kReyCt5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexit><latexit sha1_base64="7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSgNBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMmd1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yIykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrhMwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8UPcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwVdJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRuI7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZhT4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dkYvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIMqmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kReyCt5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexit><latexit sha1_base64="7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSgNBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMmd1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yIykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrhMwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8UPcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwVdJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRuI7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZhT4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dkYvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIMqmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kReyCt5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexit><latexit sha1_base64="7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSgNBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMmd1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yIykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrhMwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8UPcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwVdJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRuI7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZhT4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dkYvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIMqmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kReyCt5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexit>

tw + t⇤
<latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit>

A
<latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit>

B<latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit>

tw
<latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit>

Interior of two-sided black hole
<latexit sha1_base64="/8B1Wpe/UCMJvPreHixCMGl14ko=">AAACLnicbVDLSgNBEJz1bXxFPXoZDKIXw64Iegx40VsE8wATwuxsrxmcnVlmetWw+An+i+BVf0PwIF49+glOkj1otE5FVXdTXWEqhUXff/Ompmdm5+YXFktLyyura+X1jabVmeHQ4Fpq0w6ZBSkUNFCghHZqgCWhhFZ4fTL0WzdgrNDqAgcpdBN2pUQsOEMn9cq7HYQ7zM8UghHaUB1TvNX7VkQQ0VAyfk37WsJ9r1zxq/4I9C8JClIhBeq98lcn0jxLQCGXzNrLwE+xmzODgrt7pU5mIXXn2RVcOqpYArabjx66pztOiWjs8sRaIR2pPzdyllg7SEI3mTDs20lvKP7rpf2BFdw6r2C/c2B83M2FSjMExccx4kxS1HTYHY2EAY5y4AjjRrhPKO8zw7grz5ZcRcFkIX9J86Aa+NXg/LBS84uyFsgW2SZ7JCBHpEZOSZ00CCcP5Ik8kxfv0Xv13r2P8eiUV+xskl/wPr8BA36phA==</latexit><latexit sha1_base64="/8B1Wpe/UCMJvPreHixCMGl14ko=">AAACLnicbVDLSgNBEJz1bXxFPXoZDKIXw64Iegx40VsE8wATwuxsrxmcnVlmetWw+An+i+BVf0PwIF49+glOkj1otE5FVXdTXWEqhUXff/Ompmdm5+YXFktLyyura+X1jabVmeHQ4Fpq0w6ZBSkUNFCghHZqgCWhhFZ4fTL0WzdgrNDqAgcpdBN2pUQsOEMn9cq7HYQ7zM8UghHaUB1TvNX7VkQQ0VAyfk37WsJ9r1zxq/4I9C8JClIhBeq98lcn0jxLQCGXzNrLwE+xmzODgrt7pU5mIXXn2RVcOqpYArabjx66pztOiWjs8sRaIR2pPzdyllg7SEI3mTDs20lvKP7rpf2BFdw6r2C/c2B83M2FSjMExccx4kxS1HTYHY2EAY5y4AjjRrhPKO8zw7grz5ZcRcFkIX9J86Aa+NXg/LBS84uyFsgW2SZ7JCBHpEZOSZ00CCcP5Ik8kxfv0Xv13r2P8eiUV+xskl/wPr8BA36phA==</latexit><latexit sha1_base64="/8B1Wpe/UCMJvPreHixCMGl14ko=">AAACLnicbVDLSgNBEJz1bXxFPXoZDKIXw64Iegx40VsE8wATwuxsrxmcnVlmetWw+An+i+BVf0PwIF49+glOkj1otE5FVXdTXWEqhUXff/Ompmdm5+YXFktLyyura+X1jabVmeHQ4Fpq0w6ZBSkUNFCghHZqgCWhhFZ4fTL0WzdgrNDqAgcpdBN2pUQsOEMn9cq7HYQ7zM8UghHaUB1TvNX7VkQQ0VAyfk37WsJ9r1zxq/4I9C8JClIhBeq98lcn0jxLQCGXzNrLwE+xmzODgrt7pU5mIXXn2RVcOqpYArabjx66pztOiWjs8sRaIR2pPzdyllg7SEI3mTDs20lvKP7rpf2BFdw6r2C/c2B83M2FSjMExccx4kxS1HTYHY2EAY5y4AjjRrhPKO8zw7grz5ZcRcFkIX9J86Aa+NXg/LBS84uyFsgW2SZ7JCBHpEZOSZ00CCcP5Ik8kxfv0Xv13r2P8eiUV+xskl/wPr8BA36phA==</latexit><latexit sha1_base64="/8B1Wpe/UCMJvPreHixCMGl14ko=">AAACLnicbVDLSgNBEJz1bXxFPXoZDKIXw64Iegx40VsE8wATwuxsrxmcnVlmetWw+An+i+BVf0PwIF49+glOkj1otE5FVXdTXWEqhUXff/Ompmdm5+YXFktLyyura+X1jabVmeHQ4Fpq0w6ZBSkUNFCghHZqgCWhhFZ4fTL0WzdgrNDqAgcpdBN2pUQsOEMn9cq7HYQ7zM8UghHaUB1TvNX7VkQQ0VAyfk37WsJ9r1zxq/4I9C8JClIhBeq98lcn0jxLQCGXzNrLwE+xmzODgrt7pU5mIXXn2RVcOqpYArabjx66pztOiWjs8sRaIR2pPzdyllg7SEI3mTDs20lvKP7rpf2BFdw6r2C/c2B83M2FSjMExccx4kxS1HTYHY2EAY5y4AjjRrhPKO8zw7grz5ZcRcFkIX9J86Aa+NXg/LBS84uyFsgW2SZ7JCBHpEZOSZ00CCcP5Ik8kxfv0Xv13r2P8eiUV+xskl/wPr8BA36phA==</latexit>

Interior of Alice’ black hole
<latexit sha1_base64="HWO3OFHM7P3AU1BKrqOLJGbsnsA=">AAACK3icbVC7TgMxEPTxDOF1QEljERBU0R1CgjKIBrogEUAiUeRz9hILn32y9xDRKT/AvyDRwm9QgWjp+QSc5AogTDWa2V3NTpRKYTEI3ryp6ZnZufnSQnlxaXll1V9bv7Q6MxwaXEttriNmQQoFDRQo4To1wJJIwlV0ezL0r+7AWKHVBfZTaCWsq0QsOEMntf3tJsI95mcKwQhtqI7psRQcdmkkGb+lPS1h0PYrQTUYgU6SsCAVUqDe9r+aHc2zBBRyyay9CYMUWzkzKLi7V25mFlJ3nnXhxlHFErCtfPTNgO44pUNjFybWCulI/bmRs8TafhK5yYRhz/71huK/XtrrW8Gt8wr2OwfGR61cqDRDUHwcI84kRU2HxdGOMMBR9h1h3Aj3CeU9Zhh3zdmyqyj8W8gkudyvhkE1PD+o1IKirBLZJFtkj4TkkNTIKamTBuHkgTyRZ/LiPXqv3rv3MR6d8oqdDfIL3uc33WGn2w==</latexit><latexit sha1_base64="HWO3OFHM7P3AU1BKrqOLJGbsnsA=">AAACK3icbVC7TgMxEPTxDOF1QEljERBU0R1CgjKIBrogEUAiUeRz9hILn32y9xDRKT/AvyDRwm9QgWjp+QSc5AogTDWa2V3NTpRKYTEI3ryp6ZnZufnSQnlxaXll1V9bv7Q6MxwaXEttriNmQQoFDRQo4To1wJJIwlV0ezL0r+7AWKHVBfZTaCWsq0QsOEMntf3tJsI95mcKwQhtqI7psRQcdmkkGb+lPS1h0PYrQTUYgU6SsCAVUqDe9r+aHc2zBBRyyay9CYMUWzkzKLi7V25mFlJ3nnXhxlHFErCtfPTNgO44pUNjFybWCulI/bmRs8TafhK5yYRhz/71huK/XtrrW8Gt8wr2OwfGR61cqDRDUHwcI84kRU2HxdGOMMBR9h1h3Aj3CeU9Zhh3zdmyqyj8W8gkudyvhkE1PD+o1IKirBLZJFtkj4TkkNTIKamTBuHkgTyRZ/LiPXqv3rv3MR6d8oqdDfIL3uc33WGn2w==</latexit><latexit sha1_base64="HWO3OFHM7P3AU1BKrqOLJGbsnsA=">AAACK3icbVC7TgMxEPTxDOF1QEljERBU0R1CgjKIBrogEUAiUeRz9hILn32y9xDRKT/AvyDRwm9QgWjp+QSc5AogTDWa2V3NTpRKYTEI3ryp6ZnZufnSQnlxaXll1V9bv7Q6MxwaXEttriNmQQoFDRQo4To1wJJIwlV0ezL0r+7AWKHVBfZTaCWsq0QsOEMntf3tJsI95mcKwQhtqI7psRQcdmkkGb+lPS1h0PYrQTUYgU6SsCAVUqDe9r+aHc2zBBRyyay9CYMUWzkzKLi7V25mFlJ3nnXhxlHFErCtfPTNgO44pUNjFybWCulI/bmRs8TafhK5yYRhz/71huK/XtrrW8Gt8wr2OwfGR61cqDRDUHwcI84kRU2HxdGOMMBR9h1h3Aj3CeU9Zhh3zdmyqyj8W8gkudyvhkE1PD+o1IKirBLZJFtkj4TkkNTIKamTBuHkgTyRZ/LiPXqv3rv3MR6d8oqdDfIL3uc33WGn2w==</latexit><latexit sha1_base64="HWO3OFHM7P3AU1BKrqOLJGbsnsA=">AAACK3icbVC7TgMxEPTxDOF1QEljERBU0R1CgjKIBrogEUAiUeRz9hILn32y9xDRKT/AvyDRwm9QgWjp+QSc5AogTDWa2V3NTpRKYTEI3ryp6ZnZufnSQnlxaXll1V9bv7Q6MxwaXEttriNmQQoFDRQo4To1wJJIwlV0ezL0r+7AWKHVBfZTaCWsq0QsOEMntf3tJsI95mcKwQhtqI7psRQcdmkkGb+lPS1h0PYrQTUYgU6SsCAVUqDe9r+aHc2zBBRyyay9CYMUWzkzKLi7V25mFlJ3nnXhxlHFErCtfPTNgO44pUNjFybWCulI/bmRs8TafhK5yYRhz/71huK/XtrrW8Gt8wr2OwfGR61cqDRDUHwcI84kRU2HxdGOMMBR9h1h3Aj3CeU9Zhh3zdmyqyj8W8gkudyvhkE1PD+o1IKirBLZJFtkj4TkkNTIKamTBuHkgTyRZ/LiPXqv3rv3MR6d8oqdDfIL3uc33WGn2w==</latexit>

tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

Figure 7. Perturbed thermofield double. The blue dot is the RT surface. The orange region is the

interior of a two-sided black hole and depends on both A and B. The red region is the interior of

Alice’s black hole.

Preskill type circuit [15]: at each time step (every thermal time) the qubits are randomly

grouped into S
2 pairs, and on each pair a randomly chosen 2-qubit gate is applied. We can

characterize the effect of some small perturbation in such a system as follows. Imagine

the unpertubed system contains S healthy qubits, and the perturbation is c extra qubits

carrying some disease. The sick qubits enter the system at t = 0. Any qubits who interact

directly or indirectly with sick qubits will get sick. We define the size of the epidemic s(t)

to be the number of sick qubits at time τ . It grows exponentially in time and saturates at

scrambling time. With log S large, s(τ)
S is almost like a step function.

During each thermal time, S gates are applied.3 Among them, s(τ) gates are affected

by the sick qubits while S− s(τ) gates remain healthy. As Bob does not have access to the

extra sick qubits, he can undo those healthy gates but he cannot unto those sick gates.

Figure 6 shows the corresponding quantum circuit as we increase Alice’s time tL. Such

a quantum circuit is stored on the wormhole (figure 7). When the perturbation just comes

in at time tw, it has little effect on Alice’s system. For tw < tL < tw + t∗, most of the

3We count each 2-qubit gate as 2 gates.
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qubits in subsystem A are not affected by the perturbation and the quantum gates on them

(orange dots in figure 6) can still be undone from subsystem B. These gates shared by Alice

and Bob are stored in the orange region in figure 7. It is outside both entanglement wedges

and it is the interior of a two-sided black hole. In this time window Alice essentially still

has a two-sided black hole, i.e., the interior accessible to her can be affected by Bob. At

tw + t∗ all her qubits are affected by the perturbation. After that when tL > tw + t∗, the

quantum gates applied on her side (red dots in figure 6) can no longer be undone from Bob

side. These quantum gates belonging to Alice are stored in the red region in figure 7. That

region is inside Alice’s entanglement wedge. For a more detailed comparison between the

quantum circuit analysis and the growth of the wormhole geometry, see [7].

When tL > tw + t∗ Alice’s black hole becomes effectively one sided because the portion

of the interior accessible to her is determined only by operations on her subsystem. In what

follows we will refer to this situation by saying Alice’s black hole has become one-sided.

The red region is the interior of her one-sided black hole.

In this example, the perturbation is scrambled by Alice’s future time evolution and

there is a transition from two-sided black hole for one-sided black hole for Alice.4

Before we move on to evaporating black hole, we make some comments on this qubit

model. Here we model thermofield double by maximally entangled state. Without the extra

qubit, the action of any unitary on A can be undone by B. These unitaries correspond

to the Hamiltonian time evolution for finite temperature thermofield double. For finite

temperature thermofield double, the gates that can be undone by B are phases on Schmidt

basis, which is energy basis.

For density matrix ρA = 1
Z e

−βH , the coarse-grained entropy equals the fine-grained

entropy. Any operations that cannot be undone from subsystem B will change this density

matrix. It will increase the coarse-grained entropy such that the coarse-grained entropy

will be larger than the entanglement entropy. That’s why we model such operations by

introducing extra qubits.

3 Evaporating black hole

For the convenience of discussion, in this section we assume Bob has the remaining black

hole while Alice has the radiation. There is one obvious difference between the case of

evaporating black hole and the previous example of perturbed thermofield double. For

evaporating black hole, all the computations are done on Bob’s black hole side and there

are no computations done on Alice side. Despite of this, Alice still gets her share of interior,

essentially by the same mechanism as in the previous example.

3.1 Before Page time: Bob’s one-sided black hole

Before Page time, the radiation consists of less than half of the entire system and it is

maximally entangled with the black hole. Bob can reduce the state to SBH Bell pairs while

Alice cannot reduce the complexity of the state.

4In appendix A we examine perturbed thermofield double of charged black holes. I thank Edward Witten

for raising up the potential problem with charged black holes.
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BH
<latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit>Rad
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Figure 8. A quantum circuit connecting the black hole and the radiation at around Page time.
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<latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit>

boundary time
<latexit sha1_base64="qSP3pwlfrdLoLWGZ/+Vw5eLsztc=">AAACG3icbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy4MZlBXsBW8pketoOnUzCzIkYQx9FcKuv4U7cuvAtfASnbRa29cDAx/+fA//8QSyFQc/7dgorq2vrG8XN0tb2zu6eu3/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nvjNB9BGROoO0xg6IRso0RecoZW67lEb4RGzIEpUj+mUoghh3HXLXsWbDl0GP4cyyafWdX/avYgnISjkkhlz73sxdjKmUXAJ41I7MRAzPmIDuLeoWAimk03Tj+mpVXq0H2n7FNKp+vciY6ExaRjYzZDh0Cx6E/FfLx6mRnBjvZzmc2D/qpMJFScIis9i9BNJMaKTomhPaOAoUwuMa2F/QvmQacbR1lmyFfmLhSxD47ziexX/9qJc9fKyiuSYnJAz4pNLUiU3pEbqhJMn8kJeyZvz7Lw7H87nbLXg5DeHZG6cr1+VD6Ij</latexit><latexit sha1_base64="qSP3pwlfrdLoLWGZ/+Vw5eLsztc=">AAACG3icbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy4MZlBXsBW8pketoOnUzCzIkYQx9FcKuv4U7cuvAtfASnbRa29cDAx/+fA//8QSyFQc/7dgorq2vrG8XN0tb2zu6eu3/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nvjNB9BGROoO0xg6IRso0RecoZW67lEb4RGzIEpUj+mUoghh3HXLXsWbDl0GP4cyyafWdX/avYgnISjkkhlz73sxdjKmUXAJ41I7MRAzPmIDuLeoWAimk03Tj+mpVXq0H2n7FNKp+vciY6ExaRjYzZDh0Cx6E/FfLx6mRnBjvZzmc2D/qpMJFScIis9i9BNJMaKTomhPaOAoUwuMa2F/QvmQacbR1lmyFfmLhSxD47ziexX/9qJc9fKyiuSYnJAz4pNLUiU3pEbqhJMn8kJeyZvz7Lw7H87nbLXg5DeHZG6cr1+VD6Ij</latexit><latexit sha1_base64="qSP3pwlfrdLoLWGZ/+Vw5eLsztc=">AAACG3icbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy4MZlBXsBW8pketoOnUzCzIkYQx9FcKuv4U7cuvAtfASnbRa29cDAx/+fA//8QSyFQc/7dgorq2vrG8XN0tb2zu6eu3/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nvjNB9BGROoO0xg6IRso0RecoZW67lEb4RGzIEpUj+mUoghh3HXLXsWbDl0GP4cyyafWdX/avYgnISjkkhlz73sxdjKmUXAJ41I7MRAzPmIDuLeoWAimk03Tj+mpVXq0H2n7FNKp+vciY6ExaRjYzZDh0Cx6E/FfLx6mRnBjvZzmc2D/qpMJFScIis9i9BNJMaKTomhPaOAoUwuMa2F/QvmQacbR1lmyFfmLhSxD47ziexX/9qJc9fKyiuSYnJAz4pNLUiU3pEbqhJMn8kJeyZvz7Lw7H87nbLXg5DeHZG6cr1+VD6Ij</latexit><latexit sha1_base64="qSP3pwlfrdLoLWGZ/+Vw5eLsztc=">AAACG3icbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy4MZlBXsBW8pketoOnUzCzIkYQx9FcKuv4U7cuvAtfASnbRa29cDAx/+fA//8QSyFQc/7dgorq2vrG8XN0tb2zu6eu3/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nvjNB9BGROoO0xg6IRso0RecoZW67lEb4RGzIEpUj+mUoghh3HXLXsWbDl0GP4cyyafWdX/avYgnISjkkhlz73sxdjKmUXAJ41I7MRAzPmIDuLeoWAimk03Tj+mpVXq0H2n7FNKp+vciY6ExaRjYzZDh0Cx6E/FfLx6mRnBjvZzmc2D/qpMJFScIis9i9BNJMaKTomhPaOAoUwuMa2F/QvmQacbR1lmyFfmLhSxD47ziexX/9qJc9fKyiuSYnJAz4pNLUiU3pEbqhJMn8kJeyZvz7Lw7H87nbLXg5DeHZG6cr1+VD6Ij</latexit>

Figure 9. Identification between circuit time and boundary time.

From our earlier assumptions, the gates stored in the interior belong to Bob. Bob has

his own one-sided black hole and the wormhole storing the gates is his interior.

3.2 Around Page time: two-sided black hole

At around Page time, the black hole and the radiation are maximally entangled. There is

a wormhole with complexity ∼ S2,5 connecting the black hole and the radiation. See the

circuit picture in figure 8.

Unlike the case before Page time, the quantum circuit does not belong to Bob’s subsys-

tem alone. The gates can be undone by Alice and they belong to the union of the radiation

and the black hole.

Note that the circuit time going right corresponds to the radial location of the worm-

hole. Since all the computations are done by Bob, there is an identification between Bob’s

time and the interior radial location, so we can also identify the circuit time with Bob’s

time (figure 9) [17]. We will use this fact later.

3.3 After Page time

After Page time, the black hole is maximally entangled with the radiation so Bob’s com-

putations can be undone from the radiation by Alice. From this point of view, Bob’s

remaining black hole is a two-sided black hole. This is consistent with the result in [1, 2]

that the RT surface (blue dot in figure 11) lies almost at the horizon, i.e., Bob’s remaining

5One needs to be careful about the definition of complexity here. See [16].
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Rad
<latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit>

c qubits
<latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJsZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm00k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnBIzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLBJqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNqTZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7lOzb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqoDU=</latexit>

two-sided black hole
<latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit>

BH
<latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit>Rad

<latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit>

t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>

Alice’s one-sided black hole
<latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit>

t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>

circuit time
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Figure 10. A quantum circuit connecting the black hole and the radiation after Page time.
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<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>

t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>

Rad
<latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit>

t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>

t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>

t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>

Rad
<latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit><latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit><latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit><latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit>

Rad
<latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit><latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit><latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit><latexit sha1_base64="rl+/H35xgbd6knkrUWpGnA6Ct8s=">AAACLHicbZDLSsNAFIYn9VbjLerSTbAUXJWkG10W3LisYi/QhDKZnLRDJ5MwMxFC6BP4LoJbfQ03Im5d+whO2yx68cCBj/8/B875g5RRqRzn06hsbe/s7lX3zYPDo+MT6/SsK5NMEOiQhCWiH2AJjHLoKKoY9FMBOA4Y9ILJ7czvPYGQNOGPKk/Bj/GI04gSrLQ0tOpeACPKi4hlcswgUlPzAYemBzxc0oZWzWk487I3wS2hhspqD61fL0xIFgNXhGEpB66TKr/AQlHCYGp6mYQUkwkewUAjxzFIv5i/M7XrWgntKBG6ubLn6vJGgWMp8zjQkzFWY7nuzcR/vXScS0qk9kpavUNFN35BeZop4GRxRpQxWyX2LDk7pAKIYrkGTATVn9hkjAUmSudr6ojc9UA2odtsuE7DvW/WWk4ZVhVdoEt0hVx0jVroDrVRBxH0jF7RG3o3XowP48v4XoxWjHLnHK2U8fMHKiOpKA==</latexit>

Figure 11. The blue dot represents the RT surface.

black hole does not have its own interior. If he jumps into the black hole after Page time,

he will enter the entanglement region (orange region in figure 11) and Alice can affect his

experience in the interior. This is the resolution of firewall paradox given in [12].

As Bob’s time increases, the quantum circuit grows and new gates will be stored in

the entanglement region. The orange region in figure 11 grows from the right end. On the

other hand, the black hole also gives some of its qubits to the radiation. Let’s look at its

effect from the point of view of quantum circuit.

We start from a quantum circuit connecting Alice’s radiation and Bob’s black hole as

in figure 8. It stores Bob’s computations until Page time. Now Bob takes out c qubits and

gives them to Alice. We follow these c qubits in the quantum circuit and go backward in

the circuit time, i.e., we read figure 10 from the right to the left. At the right end of the

circuit there are SBH − c qubits belonging to Bob’s black hole. Then c qubits belonging

to Alice come in. After circuit time t∗, the extra c qubits completely scramble the circuits

and any gates on the left of that (red dots in figure 10) can no longer be undone by Bob.

They belong to Alice. Alice gets her share of the circuit despite that she didn’t do any of

these computations.
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The quantum circuit in figure 10 lies on the wormhole in figure 11. The red gates in fig-

ure 10 form the island in [3]. The interior geometry belonging to the radiation corresponds

to the part of the quantum circuit that cannot be undone from the black hole side.

We showed that if we trace the quantum circuit backward by scrambling time, we

encounter the gates belonging to Alice. This scrambling time is horizontal circuit time. We

mentioned before that there is identification between the circuit time and Bob’s boundary

time. As a result the Eddington-Finkelstein time of the RT surface also stays scrambling

time behind (figure 11) as shown in [1, 2].

3.3.1 Comments on one-sided black hole

Notice that unlike in the example of perturbed thermofield double, the radiation system

does not have a classical horizon. Then why do we say that the island is like the interior of

a one-sided black hole? We note the similarity between the quantum circuits in figure 10

and figure 6. In both figures, we have a minimal quantum circuit preparing the pure state

of combined AB system. In a circuit like this, the gates that can be undone from both A

and B form the interior of two-sided black hole, i.e., the part of spacetime region outside

both A’s entanglement wedge and B’s entanglement wedge. The gates that can be undone

from side A but not from side B belongs to A. That’s why we say the red gates in figure 10

form the interior of Alice’s one-sided black hole.

There is another question. One can say that the red gates belong to Alice’s entangle-

ment wedge, but why do we say Alice has a one-sided black hole? This has to do with

the nature of the quantum circuit. Consider an ordinary one-sided black hole formed from

collapse, and let’s ask what’s the difference between the interior and exterior spacetime

region.

The bulk geometry reflects the minimal quantum circuit preparing the state. The part

of the circuit that corresponds to the exterior geometry is a RG circuit. To learn about this

part of circuit, all one needs to know are some thermodynamic coarse-grained properties

of the state, for example, mass, charge, temperature of the black hole, etc. On the gravity

side, one can use HKLL reconstruction to reconstruct the exterior operators [18].

On the other hand, the part of the circuit corresponding to the interior geometry is

an unitary quantum circuit. This part of the circuit encodes fine-grained knowledge about

the state, and it is genetically very complex to figure out [19]. On the gravity side, one can

use Petz map to reconstruct the interior operators but it’s based on the prior knowledge

of the code subspace and the reconstruction is state-dependent [20].

Now let’s look at the circuit connecting the radiation to the black hole. It was argued

that the state of the radiation is pseudorandom, i.e., with simple operations one cannot

tell the difference between the state of the radiation and maximally mixed state [21]. In

particular, with simple operations one can not figure out the red gates in figure 10. So that

part of the circuit encodes fine-grained information about the radiation system and is like

the interior of a black hole.6

6There is another way to look at this. For an ordinary one-sided black hole formed from collapse, the

RG circuit corresponding to the exterior takes the total number of qubits in the field theory (with some

cutoff) down to the coarse-grained entropy at the horizon. For the radiation system in the qubit model,
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two-sided black hole
<latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05ISmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARnaKVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boydlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMVAlkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkDs73L4brpKs=</latexit>

BH
<latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+hjtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQrBNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQY7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZTY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit>Rad

<latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhWVTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff0CstWdcg==</latexit>

t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>Alice’s one-sided black hole

<latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOVM9vkB7yPLxqSp3s=</latexit>

t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>

circuit time
<latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit>

t⇤
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O(SBH) gates are applied by Bob
and stored here in one time step
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Bob gives c qubits to Alice
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O(SBH) gates become part of Alice’ circuit
after one time step
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Figure 12. The growth of the part of the quantum circuit belonging to the radiation.
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�
<latexit sha1_base64="QJefx3rfxcDV+AP/brgZMJA21qI=">AAACCnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLbSiT6U07dDIJMzdCKH0Dwa2+hjtx60v4Fj6C0zYL23ph4OOce+HMCVMpDLrut1Pa2Nza3invVvb2Dw6PqscnLZNkmoPPE5noTsgMSKHAR4ESOqkGFocS2uH4bua3n0AbkahHzFMIYjZUIhKcoZX8XgjI+tWaW3fnQ9fBK6BGimn2qz+9QcKzGBRyyYzpem6KwYRpFFzCtNLLDKSMj9kQuhYVi8EEk3nYKb2wyoBGibZPIZ2rfy8mLDYmj0O7GTMcmVVvJv7rpaPcCG6sV9ByDoxug4lQaYag+CJGlEmKCZ31QgdCA0eZW2BcC/sTykdMM462vYqtyFstZB1aV3XPrXsP17WGW5RVJmfknFwSj9yQBrknTeITTgR5Ia/kzXl23p0P53OxWnKKm1OyNM7XL0r8mwg=</latexit><latexit sha1_base64="QJefx3rfxcDV+AP/brgZMJA21qI=">AAACCnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLbSiT6U07dDIJMzdCKH0Dwa2+hjtx60v4Fj6C0zYL23ph4OOce+HMCVMpDLrut1Pa2Nza3invVvb2Dw6PqscnLZNkmoPPE5noTsgMSKHAR4ESOqkGFocS2uH4bua3n0AbkahHzFMIYjZUIhKcoZX8XgjI+tWaW3fnQ9fBK6BGimn2qz+9QcKzGBRyyYzpem6KwYRpFFzCtNLLDKSMj9kQuhYVi8EEk3nYKb2wyoBGibZPIZ2rfy8mLDYmj0O7GTMcmVVvJv7rpaPcCG6sV9ByDoxug4lQaYag+CJGlEmKCZ31QgdCA0eZW2BcC/sTykdMM462vYqtyFstZB1aV3XPrXsP17WGW5RVJmfknFwSj9yQBrknTeITTgR5Ia/kzXl23p0P53OxWnKKm1OyNM7XL0r8mwg=</latexit><latexit sha1_base64="QJefx3rfxcDV+AP/brgZMJA21qI=">AAACCnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLbSiT6U07dDIJMzdCKH0Dwa2+hjtx60v4Fj6C0zYL23ph4OOce+HMCVMpDLrut1Pa2Nza3invVvb2Dw6PqscnLZNkmoPPE5noTsgMSKHAR4ESOqkGFocS2uH4bua3n0AbkahHzFMIYjZUIhKcoZX8XgjI+tWaW3fnQ9fBK6BGimn2qz+9QcKzGBRyyYzpem6KwYRpFFzCtNLLDKSMj9kQuhYVi8EEk3nYKb2wyoBGibZPIZ2rfy8mLDYmj0O7GTMcmVVvJv7rpaPcCG6sV9ByDoxug4lQaYag+CJGlEmKCZ31QgdCA0eZW2BcC/sTykdMM462vYqtyFstZB1aV3XPrXsP17WGW5RVJmfknFwSj9yQBrknTeITTgR5Ia/kzXl23p0P53OxWnKKm1OyNM7XL0r8mwg=</latexit><latexit sha1_base64="QJefx3rfxcDV+AP/brgZMJA21qI=">AAACCnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLbSiT6U07dDIJMzdCKH0Dwa2+hjtx60v4Fj6C0zYL23ph4OOce+HMCVMpDLrut1Pa2Nza3invVvb2Dw6PqscnLZNkmoPPE5noTsgMSKHAR4ESOqkGFocS2uH4bua3n0AbkahHzFMIYjZUIhKcoZX8XgjI+tWaW3fnQ9fBK6BGimn2qz+9QcKzGBRyyYzpem6KwYRpFFzCtNLLDKSMj9kQuhYVi8EEk3nYKb2wyoBGibZPIZ2rfy8mLDYmj0O7GTMcmVVvJv7rpaPcCG6sV9ByDoxug4lQaYag+CJGlEmKCZ31QgdCA0eZW2BcC/sTykdMM462vYqtyFstZB1aV3XPrXsP17WGW5RVJmfknFwSj9yQBrknTeITTgR5Ia/kzXl23p0P53OxWnKKm1OyNM7XL0r8mwg=</latexit>

Bob’s time evolution in one time step
is stored here

<latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY="></latexit><latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY="></latexit><latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY="></latexit><latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY="></latexit>

One layer of the interior of two-sided black hole becomes
the interior of Alice’s one-sided black hole in one time step

<latexit sha1_base64="uV/sS7QKLJZ3+1E5zn6HDfXPae4="></latexit><latexit sha1_base64="uV/sS7QKLJZ3+1E5zn6HDfXPae4="></latexit><latexit sha1_base64="uV/sS7QKLJZ3+1E5zn6HDfXPae4="></latexit><latexit sha1_base64="uV/sS7QKLJZ3+1E5zn6HDfXPae4="></latexit>

c qubits come out as radiation
<latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg="></latexit><latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg="></latexit><latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg="></latexit><latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg="></latexit>

Figure 13. The blue dot represents the RT surface. It moves along the horizon and always stays

scrambling time behind.

3.4 Growth of the island: transition from two-sided to one-sided black holes

constantly happening

After another time step (thermal time), from Bob’s time evolution O(SBH) gates are applied

and stored on the circuit. Another c qubits go to the radiation. The part of the circuits

affected by these c qubits become Alice’s circuit. See figure 12.

Correspondingly, the island belonging to the radiation grows and the RT surface moves

outward along the horizon. It always stays scrambling time behind [1, 2]. Figure 13 shows

what happens to the geometry after one time step. As the radiation process continues the

transitions from two-sided to one-sided black hole constantly happen. The growth of the

island is a result of such transitions.

Notice that the quantum circuits in figure 6 and figure 10 look the same. Figure 6

represents Alice’s time evolution while figure 10 represents the quantum circuit stored in

the wormhole on a spatial slice.

the coarse-grained entropy equals to the total number of qubits in the radiation, so there is no need for RG

circuit giving rise to the exterior and the quantum circuit belonging it corresponds to its interior.
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tw
<latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit>

tw + t⇤
<latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4sIGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit>

tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

tw
<latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit>

t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>

t+�t
<latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4=">AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnCCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSGcVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJETkmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit><latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4=">AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnCCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSGcVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJETkmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit><latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4=">AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnCCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSGcVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJETkmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit><latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4=">AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnCCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSGcVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJETkmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit>

(a)
<latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit>

(b)
<latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit>

A
<latexit sha1_base64="JFBFeePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwS/nIo=</latexit><latexit sha1_base64="JFBFeePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwS/nIo=</latexit><latexit sha1_base64="JFBFeePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwS/nIo=</latexit><latexit sha1_base64="JFBFeePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwS/nIo=</latexit>
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Figure 14. Penrose diagrams for perturbed charged black hole.

For the case of perturbed thermofield double, the extra qubits enter Alice’s side and the

scrambling computations are done on her side. After the extra qubits completely scramble

her subsystem, Alice’s computations completely belong to herself and Alice has a one-sided

black hole.

In the case of evaporating black hole after Page time, Bob’s black hole does all the

computations and stores the circuit on the wormhole connected to the radiation. When he

gives some of his qubits to Alice, this existing circuit stored on the wormhole will scramble

these qubits and part of the circuit becomes Alice’s interior despite that she didn’t do any

of the computations. In this sense, the appearance and growth of the island belonging to

the radiation is a transition from two-sided to one-sided black hole just like in the familiar

example of perturbed thermofield double.
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A Charged black hole geometry

In this paper, we used the property that if one perturbs two-sided black hole and waits

for scrambling time, it will become a one-sided black hole. However, if we start from

thermofield double of charged black holes, from the Penrose diagram it looks like no matter

how late Alice waits after throwing in the perturbation, Bob can always affect her from the

right side (figure 14(a)). Naively this seems to imply that in this case Alice never gets her

one-sided black hole. We study the geometry in more detail and see that is not the case.
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In figure 14(b), as we increase t, both the entanglement region (orange region) and

Alice’s entanglement wedge (red region) grow. Following [7] we look at the time dependence

of the spacetime volume of these regions. To simply calculations, we work in the following

metric in Eddington-Finkelstein coordinates.

ds2 = −f(r)(du∗)2 + 2du∗dr

where f(r) = (r−r+)(r−r−)
l2

. The perturbation induces a shift in Kruskal coordinates by

α = ∆S
S−S0

e
− 2π
β
tw where ∆S is the entropy brought in by the perturbation [13].

We have

dVolred(t)
dt

dVolorange(t)
dt + dVolred(t)

dt

=
∆S
S−S0

e
2π
β

(t−tw)

1 + ∆S
S−S0

e
2π
β

(t−tw)
=

e
2π
β

(t−tw−t∗)

1 + e
2π
β

(t−tw−t∗)
. (A.1)

With S−S0
∆S large, (A.1) is almost a step function. We see that after tw + t∗ almost all

of the increase of spacetime volume is in the red region. Despite the look of the Penrose

diagram, the total spacetime volume of the orange region with Eddington-Finkelstein time

larger than tw is finite. The orange region stops growing, which is consistent with the fact

Alice’s computations can no longer be undone by Bob after scrambling. The red region

belonging to Alice grows linearly in time.
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