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Such an Einstein-Rosen bridge can be interpreted as an entangled 
state: ER = EPR

Motivation

Two distant black holes can be connected in the interior through

a wormhole. 

J. Maldacena,  hep-th/0106112

J. Maldacena, L. Susskind:  arXiv:1306.0533
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M. Raamsdonk,  arXiv:1015.3035
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A mystery: Two signals sent in from the two different boundaries 

can meet in the interior. On the other hand, there are no boundary 

Interactions, so what governs the law according to which the two 

signals interact?

D. Marolf, A. Wall,  arXiv:1210.3590

In particular, signals should interact in the same way no matter they 
come from the same boundary or come from two different boundaries. 

This is required in gravity: equivalence principle, but not clear from 

boundary point of view. 



Outline

Thermal field double and quantum circuit in the interior of eternal

black hole

Future directions and unanswered questions

A meeting in the interior of a wormhole and overlap of perturbations in 

the quantum circuit

 The overlap region in the quantum circuit and post-collision region

Comparison with collisions between signals coming from one boundary

Collisions between localized shocks



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
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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-
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Bulk tensor network and quantum circuit 

L. Susskind arXiv:1411.0690

B. Swingle arXiv:1209.3304
T. Hartman, J. Maldacena arXiv:1303.1080

The bulk geometry reflects the minimal circuit preparing the state.  

As we apply unitary time evolution to the circuit, the state gets more complex,  
the minimal circuit gets longer, and the Einstein-Rosen bridge also gets 
longer. 



Time-evolved thermofield Double

The orange gates can be undone from either side. We call them healthy gates. 

The number of healthy gates per unit time is constant. 
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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>

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>

(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>

Entanglement Shared quantum circuit



Perturbed thermofield double

�tw
<latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</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> �twL

<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</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="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>

Epidemic model: The red arrow represents the extra qubit due to Alice’s 
perturbation. Any qubits that interact directly or indirectly with the perturbation 
will get perturbed relative to the original circuit describing the thermofield 
double state. 

      P. Hayden, J. Preskill   arXiv:0708.4025v2

                L. Susskind, Y.Z.    arXiv:1408.2823

A. Brown, L. Susskind, Y.Z.  arXiv:1608.02612


<latexit sha1_base64="OMj8DsZEG2irs9yl4hvQ+HjkzIk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UNGXAxsIigvmAJIS9zV6yZm/v2J1TwpH/YGOhiK3/x85/4ya5QhMfDDzem2Fmnh9LYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3fKp4VIoXkeBkrdizWnoS970R9dTv/nItRGRusdxzLshHSgRCEbRSg3spU+3k16x5JbdGcgy8TJSggy1XvGr049YEnKFTFJj2p4bYzelGgWTfFLoJIbHlI3ogLctVTTkppvOrp2QE6v0SRBpWwrJTP09kdLQmHHo286Q4tAselPxP6+dYFDppkLFCXLF5ouCRBKMyPR10heaM5RjSyjTwt5K2JBqytAGVLAheIsvL5PGWdm7LJ/fXZSqlSyOPBzBMZyCB1dQhRuoQR0YPMAzvMKbEzkvzrvzMW/NOdnMIfyB8/kDzlqPQg==</latexit>

twL

The gates that can be undone by both Alice and Bob (healthy gates) are 

stored in the orange region. 

Y. Z.,  arXiv:1711.03135

https://arxiv.org/abs/0708.4025v2
https://arxiv.org/abs/1408.2823


Quantum circuit with perturbations from both sides

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

�twL
<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>twL

<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</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>

When                    , the two perturbations do not have overlap in the quantum 

circuit. Correspondingly, the signals sent into the bulk hit the singularity before

they have a chance to meet in the wormhole. 

twL + twR > 0
<latexit sha1_base64="CBFSAHRDJUiHf0Pp12xT9YSOicE=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLqSghsXLqrYB7TDkEnTNjSTGZKMMgzzH4Jb/Q134tatf+EnmGlnYVsPhBzOuRfOPX7EmdIIfVulldW19Y3yZmVre2e3au/tt1UYS0JbJOSh7PpYUc4EbWmmOe1GkuLA57TjT65zv/NIpWKheNBJRN0AjwQbMoK1kTy7qr306TY7zb/77Ap5dg3V0RRwmTgFqYECTc/+6Q9CEgdUaMKxUj0HRdpNsdSMcJpV+rGiESYTPKI9QwUOqHLTafAMHhtlAIehNE9oOFX/bqQ4UCoJfDMZYD1Wi14u/utF40QxooxXsPkcenjppkxEsaaCzGIMYw51CPOO4IBJSjRPDMFEMnMJJGMsMdGmyYqpyFksZJm0z+oOqjt357UGKsoqg0NwBE6AAy5AA9yAJmgBAmLwAl7Bm/VsvVsf1udstGQVOwdgDtbXL4Szn2A=</latexit><latexit sha1_base64="CBFSAHRDJUiHf0Pp12xT9YSOicE=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLqSghsXLqrYB7TDkEnTNjSTGZKMMgzzH4Jb/Q134tatf+EnmGlnYVsPhBzOuRfOPX7EmdIIfVulldW19Y3yZmVre2e3au/tt1UYS0JbJOSh7PpYUc4EbWmmOe1GkuLA57TjT65zv/NIpWKheNBJRN0AjwQbMoK1kTy7qr306TY7zb/77Ap5dg3V0RRwmTgFqYECTc/+6Q9CEgdUaMKxUj0HRdpNsdSMcJpV+rGiESYTPKI9QwUOqHLTafAMHhtlAIehNE9oOFX/bqQ4UCoJfDMZYD1Wi14u/utF40QxooxXsPkcenjppkxEsaaCzGIMYw51CPOO4IBJSjRPDMFEMnMJJGMsMdGmyYqpyFksZJm0z+oOqjt357UGKsoqg0NwBE6AAy5AA9yAJmgBAmLwAl7Bm/VsvVsf1udstGQVOwdgDtbXL4Szn2A=</latexit><latexit sha1_base64="CBFSAHRDJUiHf0Pp12xT9YSOicE=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLqSghsXLqrYB7TDkEnTNjSTGZKMMgzzH4Jb/Q134tatf+EnmGlnYVsPhBzOuRfOPX7EmdIIfVulldW19Y3yZmVre2e3au/tt1UYS0JbJOSh7PpYUc4EbWmmOe1GkuLA57TjT65zv/NIpWKheNBJRN0AjwQbMoK1kTy7qr306TY7zb/77Ap5dg3V0RRwmTgFqYECTc/+6Q9CEgdUaMKxUj0HRdpNsdSMcJpV+rGiESYTPKI9QwUOqHLTafAMHhtlAIehNE9oOFX/bqQ4UCoJfDMZYD1Wi14u/utF40QxooxXsPkcenjppkxEsaaCzGIMYw51CPOO4IBJSjRPDMFEMnMJJGMsMdGmyYqpyFksZJm0z+oOqjt357UGKsoqg0NwBE6AAy5AA9yAJmgBAmLwAl7Bm/VsvVsf1udstGQVOwdgDtbXL4Szn2A=</latexit><latexit sha1_base64="CBFSAHRDJUiHf0Pp12xT9YSOicE=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLqSghsXLqrYB7TDkEnTNjSTGZKMMgzzH4Jb/Q134tatf+EnmGlnYVsPhBzOuRfOPX7EmdIIfVulldW19Y3yZmVre2e3au/tt1UYS0JbJOSh7PpYUc4EbWmmOe1GkuLA57TjT65zv/NIpWKheNBJRN0AjwQbMoK1kTy7qr306TY7zb/77Ap5dg3V0RRwmTgFqYECTc/+6Q9CEgdUaMKxUj0HRdpNsdSMcJpV+rGiESYTPKI9QwUOqHLTafAMHhtlAIehNE9oOFX/bqQ4UCoJfDMZYD1Wi14u/utF40QxooxXsPkcenjppkxEsaaCzGIMYw51CPOO4IBJSjRPDMFEMnMJJGMsMdGmyYqpyFksZJm0z+oOqjt357UGKsoqg0NwBE6AAy5AA9yAJmgBAmLwAl7Bm/VsvVsf1udstGQVOwdgDtbXL4Szn2A=</latexit>



When                    , the two perturbations have overlap in the quantum circuit.

Correspondingly, the signals collide inside the wormhole. The larger the overlap

is, the stronger the collision is.

twL + twR < 0
<latexit sha1_base64="6Qms/I2NvbdLnPNRUwHBAWPMaRk=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLpwUXDjwkUV+4B2GDJp2oZmMkOSUYZh/kNwq7/hTty69S/8BDPtLGzrgZDDOffCucePOFMaoW+rtLK6tr5R3qxsbe/sVu29/bYKY0loi4Q8lF0fK8qZoC3NNKfdSFIc+Jx2/Ml17nceqVQsFA86iagb4JFgQ0awNpJnV7WXPt1mp/l3n10hz66hOpoCLhOnIDVQoOnZP/1BSOKACk04VqrnoEi7KZaaEU6zSj9WNMJkgke0Z6jAAVVuOg2ewWOjDOAwlOYJDafq340UB0olgW8mA6zHatHLxX+9aJwoRpTxCjafQw8v3ZSJKNZUkFmMYcyhDmHeERwwSYnmiSGYSGYugWSMJSbaNFkxFTmLhSyT9lndQXXn7rzWQEVZZXAIjsAJcMAFaIAb0AQtQEAMXsAreLOerXfrw/qcjZasYucAzMH6+gWBbZ9e</latexit><latexit sha1_base64="6Qms/I2NvbdLnPNRUwHBAWPMaRk=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLpwUXDjwkUV+4B2GDJp2oZmMkOSUYZh/kNwq7/hTty69S/8BDPtLGzrgZDDOffCucePOFMaoW+rtLK6tr5R3qxsbe/sVu29/bYKY0loi4Q8lF0fK8qZoC3NNKfdSFIc+Jx2/Ml17nceqVQsFA86iagb4JFgQ0awNpJnV7WXPt1mp/l3n10hz66hOpoCLhOnIDVQoOnZP/1BSOKACk04VqrnoEi7KZaaEU6zSj9WNMJkgke0Z6jAAVVuOg2ewWOjDOAwlOYJDafq340UB0olgW8mA6zHatHLxX+9aJwoRpTxCjafQw8v3ZSJKNZUkFmMYcyhDmHeERwwSYnmiSGYSGYugWSMJSbaNFkxFTmLhSyT9lndQXXn7rzWQEVZZXAIjsAJcMAFaIAb0AQtQEAMXsAreLOerXfrw/qcjZasYucAzMH6+gWBbZ9e</latexit><latexit sha1_base64="6Qms/I2NvbdLnPNRUwHBAWPMaRk=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLpwUXDjwkUV+4B2GDJp2oZmMkOSUYZh/kNwq7/hTty69S/8BDPtLGzrgZDDOffCucePOFMaoW+rtLK6tr5R3qxsbe/sVu29/bYKY0loi4Q8lF0fK8qZoC3NNKfdSFIc+Jx2/Ml17nceqVQsFA86iagb4JFgQ0awNpJnV7WXPt1mp/l3n10hz66hOpoCLhOnIDVQoOnZP/1BSOKACk04VqrnoEi7KZaaEU6zSj9WNMJkgke0Z6jAAVVuOg2ewWOjDOAwlOYJDafq340UB0olgW8mA6zHatHLxX+9aJwoRpTxCjafQw8v3ZSJKNZUkFmMYcyhDmHeERwwSYnmiSGYSGYugWSMJSbaNFkxFTmLhSyT9lndQXXn7rzWQEVZZXAIjsAJcMAFaIAb0AQtQEAMXsAreLOerXfrw/qcjZasYucAzMH6+gWBbZ9e</latexit><latexit sha1_base64="6Qms/I2NvbdLnPNRUwHBAWPMaRk=">AAACFnicbVDLSgMxFM3UV62Pjrp0EyyCIJSMCLpwUXDjwkUV+4B2GDJp2oZmMkOSUYZh/kNwq7/hTty69S/8BDPtLGzrgZDDOffCucePOFMaoW+rtLK6tr5R3qxsbe/sVu29/bYKY0loi4Q8lF0fK8qZoC3NNKfdSFIc+Jx2/Ml17nceqVQsFA86iagb4JFgQ0awNpJnV7WXPt1mp/l3n10hz66hOpoCLhOnIDVQoOnZP/1BSOKACk04VqrnoEi7KZaaEU6zSj9WNMJkgke0Z6jAAVVuOg2ewWOjDOAwlOYJDafq340UB0olgW8mA6zHatHLxX+9aJwoRpTxCjafQw8v3ZSJKNZUkFmMYcyhDmHeERwwSYnmiSGYSGYugWSMJSbaNFkxFTmLhSyT9lndQXXn7rzWQEVZZXAIjsAJcMAFaIAb0AQtQEAMXsAreLOerXfrw/qcjZasYucAzMH6+gWBbZ9e</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

�twL
<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

overlap
<latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</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>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>
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<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>
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<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 meeting in the interior of the wormhole

Can diagnose the collision by a particular six-point function.  
Felix Haehl and Y.Z.    arXiv:2104.02736



Properties of a quantum circuit with overlapping perturbations

and the spacetime geometry after the collision
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<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>
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<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

overlap
<latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</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>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</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>

These healthy gates are stored in the post-collision region in the shared

interior.

The healthy gates in the overlap region in the quantum circuit can be undone

from both sides. They are meaningless for one boundary system alone. 
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<latexit sha1_base64="HY3UC+PPyMokGu7Jyqh+qWC5l1c="></latexit><latexit sha1_base64="HY3UC+PPyMokGu7Jyqh+qWC5l1c="></latexit><latexit sha1_base64="HY3UC+PPyMokGu7Jyqh+qWC5l1c="></latexit><latexit sha1_base64="HY3UC+PPyMokGu7Jyqh+qWC5l1c="></latexit>

Estimating the number of healthy gates in the overlap region

can be evaluated in Schwarzian theoryF 0
6

<late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit><late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit><late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit><late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit>

is the probability of a gate being healthy with two perturbations presentF 0
6

<late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit><late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit><late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit><late xit sha1_base64="6kXu+cI+w+C6pXvrACiqMK63h0g=">AAACE3icbZDNSsNAFIVv6l+tf1WXbgaL6KokIuqyIIjLCvYH2lgm00k7dDIJMxMhhD6G4FZfw5249QF8Cx/BSZqFbb0w8HHOvXDmeBFnStv2t1VaWV1b3yhvVra2d3b3qvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5vM7zxRqVgoHnQSUTfAI8F8RrA20mM/wHpMME9vp4PL00G1ZtftfNAyOAXUoJjmoPrTH4YkDqjQhGOleo4daTfFUjPC6bTSjxWNMJngEe0ZFDigyk3z1FN0YpQh8kNpntAoV/9epDhQKgk8s5mlVIteJv7rReNEMaKMV9B8Du1fuykTUaypILMYfsyRDlFWEBoySYnmiQFMJDM/QWSMJSba1FgxFTmLhSxD+7zu2HXn/qLWsIuyynAEx3AGDlxBA+6gCS0gIOEFXuHNerberQ/rc7ZasoqbQ5gb6+sX+uiemg==</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

�twL
<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

overlap
<latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</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>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</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>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

�twL
<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

overlap
<latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit>

�t
<latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit>

�t ⌘ �twL � twR
<latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit><latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit><latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit><latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit>

Nhealthy

S
=

Z �twL

twR

dt F 0
6(t� twR,�twL � t)

<latexit sha1_base64="nMgbdZ8+xJcRHL3DCs2gxXQ+C4I="></latexit><latexit sha1_base64="nMgbdZ8+xJcRHL3DCs2gxXQ+C4I="></latexit><latexit sha1_base64="nMgbdZ8+xJcRHL3DCs2gxXQ+C4I="></latexit><latexit sha1_base64="nMgbdZ8+xJcRHL3DCs2gxXQ+C4I="></latexit>

<latexit sha1_base64="Z3uSULeQT/dRVDgf917t0myEK3w=">AAACJXicbZBLSgNBEIZ7fBtfUZduGoMYN2HG90YQdOFKFI0RnBB6OjWZxp4H3TXiMMwRPIcHcKtHcCeCK5dew07MQhN/KPj5q4qiPi+RQqNtf1gjo2PjE5NT06WZ2bn5hfLi0pWOU8WhzmMZq2uPaZAigjoKlHCdKGChJ6Hh3R51+407UFrE0SVmCTRD1omELzhDE7XK6weurxjPT1u5i3CPeQBMYpAVRZFfFFX3GCQyihutcsWu2T3RYeP0TYX0ddYqf7ntmKchRMgl0/rGsRNs5kyh4BKKkptqSBi/ZR24MTZiIehm3nuooGsmaVM/VqYipL3090bOQq2z0DOTIcNAD/a64b+9JMi04HrgPPr7zVxESYoQ8Z/rfiopxrSLjLaFAo4yM4ZxJcwDlAfMUEMDtmTIOIMchs3VZs3ZrW2db1cOd/qMpsgKWSVV4pA9ckhOyBmpE04eyBN5Ji/Wo/VqvVnvP6MjVn9nmfyR9fkNyT2mdA==</latexit>

=
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S
(�t)

Felix Haehl, Alex Streicher, Y.Z.    arXiv:2105.12755



Post-collision region: A larger black hole forms

r̃2h
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✓
⇡

�
�t

◆

<latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit><latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit><latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit><latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit>

S. Shenker, D. Stanford arXiv:1312.3296
T. Dray, G. ’t Hooft 1985

�t ⌘ �twL � twR
<latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit><latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit><latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit><latexit sha1_base64="dE+CovRJ6wu115G1loehvM2G12Y=">AAACJHicbZC7SgNBFIZnvcZ4W7UUYTAINoZdEbQMaGFhEcVcIAlhdnKSDJm9OHM2EpZUvotgq69hJxY2PoOP4CTZwiQeGObj/8+Bc34vkkKj43xZC4tLyyurmbXs+sbm1ra9s1vWYaw4lHgoQ1X1mAYpAiihQAnVSAHzPQkVr3c58it9UFqEwT0OImj4rBOItuAMjdS0D+pXIJFRrMNDLPr0BJvJ481w/N0Nm3bOyTvjovPgppAjaRWb9k+9FfLYhwC5ZFrXXCfCRsIUCi5hmK3HGiLGe6wDNYMB80E3kvEZQ3pklBZth8q8AOlY/TuRMF/rge+ZTp9hV896I/FfL+oOtODaeClN74Hti0YigihGCPhkjXYsKYZ0lBhtCQUc5cAA40qYSyjvMsU4mlyzJiJ3NpB5KJ/mXSfv3p7lCk4aVobsk0NyTFxyTgrkmhRJiXDyRF7IK3mznq1368P6nLQuWOnMHpkq6/sXjoilLQ==</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>twL

<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>

a
<latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit> b

<latexit sha1_base64="aQUZaOHGLSXcpaRrqYKiNmrzJKE=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipFQyqNbfuzoesg1dADYppDqo//WHM0gilYYJq3fPcxPg5VYYzgdNKP9WYUDahI+xZlDRC7efzoFNyYZUhCWNlnzRkrv69yGmkdRYFdjOiZqxXvZn4r5eMM82Ztl5ByzlMeOvnXCapQckWMcJUEBOTWSdkyBUyIzILlCluf0LYmCrKjG2uYivyVgtZh85V3XPrXuu61nCLsspwBudwCR7cQAPuoQltYIDwAq/w5jw7786H87lYLTnFzSksjfP1Cxv7mUo=</latexit><latexit sha1_base64="aQUZaOHGLSXcpaRrqYKiNmrzJKE=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipFQyqNbfuzoesg1dADYppDqo//WHM0gilYYJq3fPcxPg5VYYzgdNKP9WYUDahI+xZlDRC7efzoFNyYZUhCWNlnzRkrv69yGmkdRYFdjOiZqxXvZn4r5eMM82Ztl5ByzlMeOvnXCapQckWMcJUEBOTWSdkyBUyIzILlCluf0LYmCrKjG2uYivyVgtZh85V3XPrXuu61nCLsspwBudwCR7cQAPuoQltYIDwAq/w5jw7786H87lYLTnFzSksjfP1Cxv7mUo=</latexit><latexit sha1_base64="aQUZaOHGLSXcpaRrqYKiNmrzJKE=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipFQyqNbfuzoesg1dADYppDqo//WHM0gilYYJq3fPcxPg5VYYzgdNKP9WYUDahI+xZlDRC7efzoFNyYZUhCWNlnzRkrv69yGmkdRYFdjOiZqxXvZn4r5eMM82Ztl5ByzlMeOvnXCapQckWMcJUEBOTWSdkyBUyIzILlCluf0LYmCrKjG2uYivyVgtZh85V3XPrXuu61nCLsspwBudwCR7cQAPuoQltYIDwAq/w5jw7786H87lYLTnFzSksjfP1Cxv7mUo=</latexit><latexit sha1_base64="aQUZaOHGLSXcpaRrqYKiNmrzJKE=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipFQyqNbfuzoesg1dADYppDqo//WHM0gilYYJq3fPcxPg5VYYzgdNKP9WYUDahI+xZlDRC7efzoFNyYZUhCWNlnzRkrv69yGmkdRYFdjOiZqxXvZn4r5eMM82Ztl5ByzlMeOvnXCapQckWMcJUEBOTWSdkyBUyIzILlCluf0LYmCrKjG2uYivyVgtZh85V3XPrXuu61nCLsspwBudwCR7cQAPuoQltYIDwAq/w5jw7786H87lYLTnFzSksjfP1Cxv7mUo=</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</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>

r̃h
<latexit sha1_base64="bjjM76RkurQYN7GSR8uyG/VfL44=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSmTyU0zdDIJMxOhhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhz/FRwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGork81Ci6xZbgR2E0V0tgX2PHHNzO/84hK80Tem0mKg5iOJA85o8ZKD33DRYBEDaNhtebW3fmQv+AVUINimsPqdz9IWBajNExQrXuem5pBTpXhTOC00s80ppSN6Qh7FiWNUQ/yeeIpObNKQMJE2ScNmau/L3Iaaz2JfbsZUxPpVW8m/uul0URzpq1X0HIOE14Pci7TzKBkixhhJohJyKwcEnCFzIiJBcoUtz8hLKKKMmMrrNiKvNVC/kL7ou65de/ustZwi7LKcAKncA4eXEEDbqEJLWAg4Rle4NV5ct6cd+djsVpyiptjWBrn8wcGFp0J</latexit><latexit sha1_base64="bjjM76RkurQYN7GSR8uyG/VfL44=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSmTyU0zdDIJMxOhhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhz/FRwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGork81Ci6xZbgR2E0V0tgX2PHHNzO/84hK80Tem0mKg5iOJA85o8ZKD33DRYBEDaNhtebW3fmQv+AVUINimsPqdz9IWBajNExQrXuem5pBTpXhTOC00s80ppSN6Qh7FiWNUQ/yeeIpObNKQMJE2ScNmau/L3Iaaz2JfbsZUxPpVW8m/uul0URzpq1X0HIOE14Pci7TzKBkixhhJohJyKwcEnCFzIiJBcoUtz8hLKKKMmMrrNiKvNVC/kL7ou65de/ustZwi7LKcAKncA4eXEEDbqEJLWAg4Rle4NV5ct6cd+djsVpyiptjWBrn8wcGFp0J</latexit><latexit sha1_base64="bjjM76RkurQYN7GSR8uyG/VfL44=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSmTyU0zdDIJMxOhhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhz/FRwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGork81Ci6xZbgR2E0V0tgX2PHHNzO/84hK80Tem0mKg5iOJA85o8ZKD33DRYBEDaNhtebW3fmQv+AVUINimsPqdz9IWBajNExQrXuem5pBTpXhTOC00s80ppSN6Qh7FiWNUQ/yeeIpObNKQMJE2ScNmau/L3Iaaz2JfbsZUxPpVW8m/uul0URzpq1X0HIOE14Pci7TzKBkixhhJohJyKwcEnCFzIiJBcoUtz8hLKKKMmMrrNiKvNVC/kL7ou65de/ustZwi7LKcAKncA4eXEEDbqEJLWAg4Rle4NV5ct6cd+djsVpyiptjWBrn8wcGFp0J</latexit><latexit sha1_base64="bjjM76RkurQYN7GSR8uyG/VfL44=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSmTyU0zdDIJMxOhhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhz/FRwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGork81Ci6xZbgR2E0V0tgX2PHHNzO/84hK80Tem0mKg5iOJA85o8ZKD33DRYBEDaNhtebW3fmQv+AVUINimsPqdz9IWBajNExQrXuem5pBTpXhTOC00s80ppSN6Qh7FiWNUQ/yeeIpObNKQMJE2ScNmau/L3Iaaz2JfbsZUxPpVW8m/uul0URzpq1X0HIOE14Pci7TzKBkixhhJohJyKwcEnCFzIiJBcoUtz8hLKKKMmMrrNiKvNVC/kL7ou65de/ustZwi7LKcAKncA4eXEEDbqEJLWAg4Rle4NV5ct6cd+djsVpyiptjWBrn8wcGFp0J</latexit>

rc
<latexit sha1_base64="FemSHkOJIaYkDMwkTuD66N058UU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6U07dDIJMxMhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nimGLxSJWjwHVKLjEluFG4GOikEaBwE4wvpn6nSdUmsfywWQJ+hEdSh5yRo2V7lWf9as1t+7OhqyCV0ANimn2qz+9QczSCKVhgmrd9dzE+DlVhjOBk0ov1ZhQNqZD7FqUNELt57OoE3JmlQEJY2WfNGSm/r3IaaR1FgV2M6JmpJe9qfivl4wyzZm2XkGLOUx47edcJqlByeYxwlQQE5NpK2TAFTIjMguUKW5/QtiIKsqM7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/vjeaMA==</latexit><latexit sha1_base64="FemSHkOJIaYkDMwkTuD66N058UU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6U07dDIJMxMhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nimGLxSJWjwHVKLjEluFG4GOikEaBwE4wvpn6nSdUmsfywWQJ+hEdSh5yRo2V7lWf9as1t+7OhqyCV0ANimn2qz+9QczSCKVhgmrd9dzE+DlVhjOBk0ov1ZhQNqZD7FqUNELt57OoE3JmlQEJY2WfNGSm/r3IaaR1FgV2M6JmpJe9qfivl4wyzZm2XkGLOUx47edcJqlByeYxwlQQE5NpK2TAFTIjMguUKW5/QtiIKsqM7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/vjeaMA==</latexit><latexit sha1_base64="FemSHkOJIaYkDMwkTuD66N058UU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6U07dDIJMxMhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nimGLxSJWjwHVKLjEluFG4GOikEaBwE4wvpn6nSdUmsfywWQJ+hEdSh5yRo2V7lWf9as1t+7OhqyCV0ANimn2qz+9QczSCKVhgmrd9dzE+DlVhjOBk0ov1ZhQNqZD7FqUNELt57OoE3JmlQEJY2WfNGSm/r3IaaR1FgV2M6JmpJe9qfivl4wyzZm2XkGLOUx47edcJqlByeYxwlQQE5NpK2TAFTIjMguUKW5/QtiIKsqM7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/vjeaMA==</latexit><latexit sha1_base64="FemSHkOJIaYkDMwkTuD66N058UU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6U07dDIJMxMhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nimGLxSJWjwHVKLjEluFG4GOikEaBwE4wvpn6nSdUmsfywWQJ+hEdSh5yRo2V7lWf9as1t+7OhqyCV0ANimn2qz+9QczSCKVhgmrd9dzE+DlVhjOBk0ov1ZhQNqZD7FqUNELt57OoE3JmlQEJY2WfNGSm/r3IaaR1FgV2M6JmpJe9qfivl4wyzZm2XkGLOUx47edcJqlByeYxwlQQE5NpK2TAFTIjMguUKW5/QtiIKsqM7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/vjeaMA==</latexit>

rh
<latexit sha1_base64="pwnpg2ENoyAshCXqROX2Wof2ZVM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQZOpmEmRshlL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtkkyzXiLJTLRjwE1XArFWyhQ8sdUcxoHkneC0c3U7zxxbUSiHjBPuR/ToRKhYBStdK/7Ub9ac+vubMgqeAXUoJhmv/rTGyQsi7lCJqkxXc9N0R9TjYJJPqn0MsNTykZ0yLsWFY258cezqBNyZpUBCRNtn0IyU/9ejGlsTB4HdjOmGJllbyr+66VRbgQz1itoMQeG1/5YqDRDrtg8RphJggmZtkIGQnOGMrdAmRb2J4RFVFOGtruKrchbLmQV2hd1z617d5e1hluUVYYTOIVz8OAKGnALTWgBgyG8wCu8Oc/Ou/PhfM5XS05xcwwL43z9AsZhmjU=</latexit><latexit sha1_base64="pwnpg2ENoyAshCXqROX2Wof2ZVM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQZOpmEmRshlL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtkkyzXiLJTLRjwE1XArFWyhQ8sdUcxoHkneC0c3U7zxxbUSiHjBPuR/ToRKhYBStdK/7Ub9ac+vubMgqeAXUoJhmv/rTGyQsi7lCJqkxXc9N0R9TjYJJPqn0MsNTykZ0yLsWFY258cezqBNyZpUBCRNtn0IyU/9ejGlsTB4HdjOmGJllbyr+66VRbgQz1itoMQeG1/5YqDRDrtg8RphJggmZtkIGQnOGMrdAmRb2J4RFVFOGtruKrchbLmQV2hd1z617d5e1hluUVYYTOIVz8OAKGnALTWgBgyG8wCu8Oc/Ou/PhfM5XS05xcwwL43z9AsZhmjU=</latexit><latexit sha1_base64="pwnpg2ENoyAshCXqROX2Wof2ZVM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQZOpmEmRshlL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtkkyzXiLJTLRjwE1XArFWyhQ8sdUcxoHkneC0c3U7zxxbUSiHjBPuR/ToRKhYBStdK/7Ub9ac+vubMgqeAXUoJhmv/rTGyQsi7lCJqkxXc9N0R9TjYJJPqn0MsNTykZ0yLsWFY258cezqBNyZpUBCRNtn0IyU/9ejGlsTB4HdjOmGJllbyr+66VRbgQz1itoMQeG1/5YqDRDrtg8RphJggmZtkIGQnOGMrdAmRb2J4RFVFOGtruKrchbLmQV2hd1z617d5e1hluUVYYTOIVz8OAKGnALTWgBgyG8wCu8Oc/Ou/PhfM5XS05xcwwL43z9AsZhmjU=</latexit><latexit sha1_base64="pwnpg2ENoyAshCXqROX2Wof2ZVM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQZOpmEmRshlL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtkkyzXiLJTLRjwE1XArFWyhQ8sdUcxoHkneC0c3U7zxxbUSiHjBPuR/ToRKhYBStdK/7Ub9ac+vubMgqeAXUoJhmv/rTGyQsi7lCJqkxXc9N0R9TjYJJPqn0MsNTykZ0yLsWFY258cezqBNyZpUBCRNtn0IyU/9ejGlsTB4HdjOmGJllbyr+66VRbgQz1itoMQeG1/5YqDRDrtg8RphJggmZtkIGQnOGMrdAmRb2J4RFVFOGtruKrchbLmQV2hd1z617d5e1hluUVYYTOIVz8OAKGnALTWgBgyG8wCu8Oc/Ou/PhfM5XS05xcwwL43z9AsZhmjU=</latexit>

V = 2⇡r̃hl
2

✓
1

2
log

r̃h + rc
r̃h � rc

� rc
r̃h

◆

<latexit sha1_base64="h3gsM0IuM9XaAyi9yNah5PkIawk="></latexit><latexit sha1_base64="h3gsM0IuM9XaAyi9yNah5PkIawk="></latexit><latexit sha1_base64="h3gsM0IuM9XaAyi9yNah5PkIawk="></latexit><latexit sha1_base64="h3gsM0IuM9XaAyi9yNah5PkIawk="></latexit>

Spacetime volume of post-collision region

in BTZ black hole

= V (�t)
<latexit sha1_base64="GLJ3BsmM9P5d7UBkeAee5ZzSxNo=">AAACEXicbZDNSgMxFIUz9a/Wv6pLN8Ei1E2ZEUE3QkEXLivYH+gMJZOmbWgmE5I7wjD0KQS3+hruxK1P4Fv4CKbtLGzrhcDHOffCyQmV4AZc99sprK1vbG4Vt0s7u3v7B+XDo5aJE01Zk8Yi1p2QGCa4ZE3gIFhHaUaiULB2OL6d+u0npg2P5SOkigURGUo+4JSAlfybVtW/YwIIhvNeueLW3NngVfByqKB8Gr3yj9+PaRIxCVQQY7qeqyDIiAZOBZuU/MQwReiYDFnXoiQRM0E2yzzBZ1bp40Gs7ZOAZ+rfi4xExqRRaDcjAiOz7E3Ffz01Sg2nxno5LeaAwXWQcakSYJLOYwwSgSHG03pwn2tGQaQWCNXc/gTTEdGEgi2xZCvylgtZhdZFzXNr3sNlpe7mZRXRCTpFVeShK1RH96iBmogihV7QK3pznp1358P5nK8WnPzmGC2M8/ULRGCdFA==</latexit><latexit sha1_base64="GLJ3BsmM9P5d7UBkeAee5ZzSxNo=">AAACEXicbZDNSgMxFIUz9a/Wv6pLN8Ei1E2ZEUE3QkEXLivYH+gMJZOmbWgmE5I7wjD0KQS3+hruxK1P4Fv4CKbtLGzrhcDHOffCyQmV4AZc99sprK1vbG4Vt0s7u3v7B+XDo5aJE01Zk8Yi1p2QGCa4ZE3gIFhHaUaiULB2OL6d+u0npg2P5SOkigURGUo+4JSAlfybVtW/YwIIhvNeueLW3NngVfByqKB8Gr3yj9+PaRIxCVQQY7qeqyDIiAZOBZuU/MQwReiYDFnXoiQRM0E2yzzBZ1bp40Gs7ZOAZ+rfi4xExqRRaDcjAiOz7E3Ffz01Sg2nxno5LeaAwXWQcakSYJLOYwwSgSHG03pwn2tGQaQWCNXc/gTTEdGEgi2xZCvylgtZhdZFzXNr3sNlpe7mZRXRCTpFVeShK1RH96iBmogihV7QK3pznp1358P5nK8WnPzmGC2M8/ULRGCdFA==</latexit><latexit sha1_base64="GLJ3BsmM9P5d7UBkeAee5ZzSxNo=">AAACEXicbZDNSgMxFIUz9a/Wv6pLN8Ei1E2ZEUE3QkEXLivYH+gMJZOmbWgmE5I7wjD0KQS3+hruxK1P4Fv4CKbtLGzrhcDHOffCyQmV4AZc99sprK1vbG4Vt0s7u3v7B+XDo5aJE01Zk8Yi1p2QGCa4ZE3gIFhHaUaiULB2OL6d+u0npg2P5SOkigURGUo+4JSAlfybVtW/YwIIhvNeueLW3NngVfByqKB8Gr3yj9+PaRIxCVQQY7qeqyDIiAZOBZuU/MQwReiYDFnXoiQRM0E2yzzBZ1bp40Gs7ZOAZ+rfi4xExqRRaDcjAiOz7E3Ffz01Sg2nxno5LeaAwXWQcakSYJLOYwwSgSHG03pwn2tGQaQWCNXc/gTTEdGEgi2xZCvylgtZhdZFzXNr3sNlpe7mZRXRCTpFVeShK1RH96iBmogihV7QK3pznp1358P5nK8WnPzmGC2M8/ULRGCdFA==</latexit><latexit sha1_base64="GLJ3BsmM9P5d7UBkeAee5ZzSxNo=">AAACEXicbZDNSgMxFIUz9a/Wv6pLN8Ei1E2ZEUE3QkEXLivYH+gMJZOmbWgmE5I7wjD0KQS3+hruxK1P4Fv4CKbtLGzrhcDHOffCyQmV4AZc99sprK1vbG4Vt0s7u3v7B+XDo5aJE01Zk8Yi1p2QGCa4ZE3gIFhHaUaiULB2OL6d+u0npg2P5SOkigURGUo+4JSAlfybVtW/YwIIhvNeueLW3NngVfByqKB8Gr3yj9+PaRIxCVQQY7qeqyDIiAZOBZuU/MQwReiYDFnXoiQRM0E2yzzBZ1bp40Gs7ZOAZ+rfi4xExqRRaDcjAiOz7E3Ffz01Sg2nxno5LeaAwXWQcakSYJLOYwwSgSHG03pwn2tGQaQWCNXc/gTTEdGEgi2xZCvylgtZhdZFzXNr3sNlpe7mZRXRCTpFVeShK1RH96iBmogihV7QK3pznp1358P5nK8WnPzmGC2M8/ULRGCdFA==</latexit>

Computing the spacetime volume in the post-collision region



1. Early time �

2⇡
⌧ �t ⌧ t⇤

<latexit sha1_base64="CQKqpq5OXa8EDyvUfuwEQQ6i8jk=">AAACLHicbZDLSgNBEEV7fMb4GnXppjEExEWYCYIuA7pwGcE8IBNCT6cmadLzoLtGCEO+wH8R3OpvuBFx69pPsJPMwiQWFBzurYKq6ydSaHScD2ttfWNza7uwU9zd2z84tI+OmzpOFYcGj2Ws2j7TIEUEDRQooZ0oYKEvoeWPbqZ+6xGUFnH0gOMEuiEbRCIQnKGRenbZCxTjmecDsklW9RIx8aSk3i1IZBSnjL2Lnl1yKs6s6Cq4OZRIXvWe/eP1Y56GECGXTOuO6yTYzZhCwSVMil6qIWF8xAbQMRixEHQ3m70zoWWj9GkQK9MR0pn6dyNjodbj0DeTIcOhXvam4r9eMhxrwbXxclq8A4PrbiaiJEWI+PyMIDX/x3SaHO0LBRzl2ADjSphPKB8ykx6afIsmInc5kFVoViuuU3HvL0s1Jw+rQE7JGTknLrkiNXJH6qRBOHkiL+SVvFnP1rv1aX3NR9esfOeELJT1/Qu1kqhH</latexit><latexit sha1_base64="CQKqpq5OXa8EDyvUfuwEQQ6i8jk=">AAACLHicbZDLSgNBEEV7fMb4GnXppjEExEWYCYIuA7pwGcE8IBNCT6cmadLzoLtGCEO+wH8R3OpvuBFx69pPsJPMwiQWFBzurYKq6ydSaHScD2ttfWNza7uwU9zd2z84tI+OmzpOFYcGj2Ws2j7TIEUEDRQooZ0oYKEvoeWPbqZ+6xGUFnH0gOMEuiEbRCIQnKGRenbZCxTjmecDsklW9RIx8aSk3i1IZBSnjL2Lnl1yKs6s6Cq4OZRIXvWe/eP1Y56GECGXTOuO6yTYzZhCwSVMil6qIWF8xAbQMRixEHQ3m70zoWWj9GkQK9MR0pn6dyNjodbj0DeTIcOhXvam4r9eMhxrwbXxclq8A4PrbiaiJEWI+PyMIDX/x3SaHO0LBRzl2ADjSphPKB8ykx6afIsmInc5kFVoViuuU3HvL0s1Jw+rQE7JGTknLrkiNXJH6qRBOHkiL+SVvFnP1rv1aX3NR9esfOeELJT1/Qu1kqhH</latexit><latexit sha1_base64="CQKqpq5OXa8EDyvUfuwEQQ6i8jk=">AAACLHicbZDLSgNBEEV7fMb4GnXppjEExEWYCYIuA7pwGcE8IBNCT6cmadLzoLtGCEO+wH8R3OpvuBFx69pPsJPMwiQWFBzurYKq6ydSaHScD2ttfWNza7uwU9zd2z84tI+OmzpOFYcGj2Ws2j7TIEUEDRQooZ0oYKEvoeWPbqZ+6xGUFnH0gOMEuiEbRCIQnKGRenbZCxTjmecDsklW9RIx8aSk3i1IZBSnjL2Lnl1yKs6s6Cq4OZRIXvWe/eP1Y56GECGXTOuO6yTYzZhCwSVMil6qIWF8xAbQMRixEHQ3m70zoWWj9GkQK9MR0pn6dyNjodbj0DeTIcOhXvam4r9eMhxrwbXxclq8A4PrbiaiJEWI+PyMIDX/x3SaHO0LBRzl2ADjSphPKB8ykx6afIsmInc5kFVoViuuU3HvL0s1Jw+rQE7JGTknLrkiNXJH6qRBOHkiL+SVvFnP1rv1aX3NR9esfOeELJT1/Qu1kqhH</latexit><latexit sha1_base64="CQKqpq5OXa8EDyvUfuwEQQ6i8jk=">AAACLHicbZDLSgNBEEV7fMb4GnXppjEExEWYCYIuA7pwGcE8IBNCT6cmadLzoLtGCEO+wH8R3OpvuBFx69pPsJPMwiQWFBzurYKq6ydSaHScD2ttfWNza7uwU9zd2z84tI+OmzpOFYcGj2Ws2j7TIEUEDRQooZ0oYKEvoeWPbqZ+6xGUFnH0gOMEuiEbRCIQnKGRenbZCxTjmecDsklW9RIx8aSk3i1IZBSnjL2Lnl1yKs6s6Cq4OZRIXvWe/eP1Y56GECGXTOuO6yTYzZhCwSVMil6qIWF8xAbQMRixEHQ3m70zoWWj9GkQK9MR0pn6dyNjodbj0DeTIcOhXvam4r9eMhxrwbXxclq8A4PrbiaiJEWI+PyMIDX/x3SaHO0LBRzl2ADjSphPKB8ykx6afIsmInc5kFVoViuuU3HvL0s1Jw+rQE7JGTknLrkiNXJH6qRBOHkiL+SVvFnP1rv1aX3NR9esfOeELJT1/Qu1kqhH</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>

Can ignore non-linear effect. As the collision point moves toward 

the bifurcating surface, the post collision region grows.

�t
<latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

�twL
<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

The number of healthy gates in the overlap region grows linear in <latexit sha1_base64="mzQ3cgfreWkHTg8iJAJLc7jN2ZA=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBA8hV3fx4AePEYwD0iWMDvpJENmZ5eZXmFZcvUDvOoneBOv/odf4G84SfagiQUNRVU33V1BLIVB1/1ylpZXVtfWCxvFza3tnd3S3n7DRInmUOeRjHQrYAakUFBHgRJasQYWBhKawehm4jcfQRsRqQdMY/BDNlCiLzhDK7U6tyCRUeyWym7FnYIuEi8nZZKj1i19d3oRT0JQyCUzpu25MfoZ0yi4hHGxkxiIGR+xAbQtVSwE42fTe8f02Co92o+0LYV0qv6eyFhoTBoGtjNkODTz3kT814uHqRHczK3H/rWfCRUnCIrPtvcTSTGik0RoT2jgKFNLGNfCPkD5kGnG0eZWtMl48zksksZpxbusnN2fl6sXeUYFckiOyAnxyBWpkjtSI3XCiSTP5IW8Ok/Om/PufMxal5x85oD8gfP5A8IfmJc=</latexit>

�t



2. Intermediate time t⇤ ⌧ �t ⌧ 2t⇤<latexit sha1_base64="7RTRtMG3sMf47yZV9GY5zhtyj/E=">AAACHnicbZDLSsNAFIYn9VbrLerChZvBIoiLkhRBlwVduKxgL9CEMJlO2qGTCzMnQgh9F8GtvoY7catv4SM4abOwrQcOfPz/OXDO7yeCK7Csb6Oytr6xuVXdru3s7u0fmIdHXRWnkrIOjUUs+z5RTPCIdYCDYP1EMhL6gvX8yW3h956YVDyOHiFLmBuSUcQDTgloyTNPwLt0hMDOHRNAMBTc1Jpn1q2GNSu8CnYJdVRW2zN/nGFM05BFQAVRamBbCbg5kcCpYNOakyqWEDohIzbQGJGQKTefPTDF51oZ4iCWuiPAM/XvRk5CpbLQ15MhgbFa9grxXy8ZZ4pTpb2SFu+A4MbNeZSkwCI6PyNIBYYYF1nhIZeMgsg0ECq5/gTTMZGEgk60piOylwNZhW6zYVsN++Gq3rLKsKroFJ2hC2Sja9RC96iNOoiiKXpBr+jNeDbejQ/jcz5aMcqdY7RQxtcvCkehow==</latexit><latexit sha1_base64="7RTRtMG3sMf47yZV9GY5zhtyj/E=">AAACHnicbZDLSsNAFIYn9VbrLerChZvBIoiLkhRBlwVduKxgL9CEMJlO2qGTCzMnQgh9F8GtvoY7catv4SM4abOwrQcOfPz/OXDO7yeCK7Csb6Oytr6xuVXdru3s7u0fmIdHXRWnkrIOjUUs+z5RTPCIdYCDYP1EMhL6gvX8yW3h956YVDyOHiFLmBuSUcQDTgloyTNPwLt0hMDOHRNAMBTc1Jpn1q2GNSu8CnYJdVRW2zN/nGFM05BFQAVRamBbCbg5kcCpYNOakyqWEDohIzbQGJGQKTefPTDF51oZ4iCWuiPAM/XvRk5CpbLQ15MhgbFa9grxXy8ZZ4pTpb2SFu+A4MbNeZSkwCI6PyNIBYYYF1nhIZeMgsg0ECq5/gTTMZGEgk60piOylwNZhW6zYVsN++Gq3rLKsKroFJ2hC2Sja9RC96iNOoiiKXpBr+jNeDbejQ/jcz5aMcqdY7RQxtcvCkehow==</latexit><latexit sha1_base64="7RTRtMG3sMf47yZV9GY5zhtyj/E=">AAACHnicbZDLSsNAFIYn9VbrLerChZvBIoiLkhRBlwVduKxgL9CEMJlO2qGTCzMnQgh9F8GtvoY7catv4SM4abOwrQcOfPz/OXDO7yeCK7Csb6Oytr6xuVXdru3s7u0fmIdHXRWnkrIOjUUs+z5RTPCIdYCDYP1EMhL6gvX8yW3h956YVDyOHiFLmBuSUcQDTgloyTNPwLt0hMDOHRNAMBTc1Jpn1q2GNSu8CnYJdVRW2zN/nGFM05BFQAVRamBbCbg5kcCpYNOakyqWEDohIzbQGJGQKTefPTDF51oZ4iCWuiPAM/XvRk5CpbLQ15MhgbFa9grxXy8ZZ4pTpb2SFu+A4MbNeZSkwCI6PyNIBYYYF1nhIZeMgsg0ECq5/gTTMZGEgk60piOylwNZhW6zYVsN++Gq3rLKsKroFJ2hC2Sja9RC96iNOoiiKXpBr+jNeDbejQ/jcz5aMcqdY7RQxtcvCkehow==</latexit><latexit sha1_base64="7RTRtMG3sMf47yZV9GY5zhtyj/E=">AAACHnicbZDLSsNAFIYn9VbrLerChZvBIoiLkhRBlwVduKxgL9CEMJlO2qGTCzMnQgh9F8GtvoY7catv4SM4abOwrQcOfPz/OXDO7yeCK7Csb6Oytr6xuVXdru3s7u0fmIdHXRWnkrIOjUUs+z5RTPCIdYCDYP1EMhL6gvX8yW3h956YVDyOHiFLmBuSUcQDTgloyTNPwLt0hMDOHRNAMBTc1Jpn1q2GNSu8CnYJdVRW2zN/nGFM05BFQAVRamBbCbg5kcCpYNOakyqWEDohIzbQGJGQKTefPTDF51oZ4iCWuiPAM/XvRk5CpbLQ15MhgbFa9grxXy8ZZ4pTpb2SFu+A4MbNeZSkwCI6PyNIBYYYF1nhIZeMgsg0ECq5/gTTMZGEgk60piOylwNZhW6zYVsN++Gq3rLKsKroFJ2hC2Sja9RC96iNOoiiKXpBr+jNeDbejQ/jcz5aMcqdY7RQxtcvCkehow==</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>

tL = 0
<latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit>

tL = �t⇤
<latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</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>

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>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</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>

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>

The collision point stays close to the bifurcating surface. Singularity bends 

down due to backreaction. The post-collision region shrinks. 

�t
<latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

�twL
<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

The number of healthy gates decreases linearly in <latexit sha1_base64="mzQ3cgfreWkHTg8iJAJLc7jN2ZA=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBA8hV3fx4AePEYwD0iWMDvpJENmZ5eZXmFZcvUDvOoneBOv/odf4G84SfagiQUNRVU33V1BLIVB1/1ylpZXVtfWCxvFza3tnd3S3n7DRInmUOeRjHQrYAakUFBHgRJasQYWBhKawehm4jcfQRsRqQdMY/BDNlCiLzhDK7U6tyCRUeyWym7FnYIuEi8nZZKj1i19d3oRT0JQyCUzpu25MfoZ0yi4hHGxkxiIGR+xAbQtVSwE42fTe8f02Co92o+0LYV0qv6eyFhoTBoGtjNkODTz3kT814uHqRHczK3H/rWfCRUnCIrPtvcTSTGik0RoT2jgKFNLGNfCPkD5kGnG0eZWtMl48zksksZpxbusnN2fl6sXeUYFckiOyAnxyBWpkjtSI3XCiSTP5IW8Ok/Om/PufMxal5x85oD8gfP5A8IfmJc=</latexit>

�t



3. Late time �t � 2t⇤<latexit sha1_base64="yjsxxjFjZOEG7G+uGFYlmiOAQgA=">AAACGXicbZDLSsNAFIYn9dbWW6xLN4NFEBclKYIuC7pwWcFeoAlhMp2kQycXZk7EUvokglt9DXfi1pVv4SM4abOwrQcGPv7/HPjn91PBFVjWt1Ha2Nza3ilXqrt7+weH5lGtq5JMUtahiUhk3yeKCR6zDnAQrJ9KRiJfsJ4/vsn93iOTiifxA0xS5kYkjHnAKQEteWbNuWUCCAYnDHETvItK1TPrVsOaD14Hu4A6KqbtmT/OMKFZxGKggig1sK0U3CmRwKlgs6qTKZYSOiYhG2iMScSUO51nn+EzrQxxkEj9YsBz9e/FlERKTSJfb0YERmrVy8V/vXQ0UZwq7RW0nAOCa3fK4zQDFtNFjCATGBKc14SHXDIKYqKBUMn1TzAdEUko6DLziuzVQtah22zYVsO+v6y3rKKsMjpBp+gc2egKtdAdaqMOougJvaBX9GY8G+/Gh/G5WC0Zxc0xWhrj6xdz3p8p</latexit><latexit sha1_base64="yjsxxjFjZOEG7G+uGFYlmiOAQgA=">AAACGXicbZDLSsNAFIYn9dbWW6xLN4NFEBclKYIuC7pwWcFeoAlhMp2kQycXZk7EUvokglt9DXfi1pVv4SM4abOwrQcGPv7/HPjn91PBFVjWt1Ha2Nza3ilXqrt7+weH5lGtq5JMUtahiUhk3yeKCR6zDnAQrJ9KRiJfsJ4/vsn93iOTiifxA0xS5kYkjHnAKQEteWbNuWUCCAYnDHETvItK1TPrVsOaD14Hu4A6KqbtmT/OMKFZxGKggig1sK0U3CmRwKlgs6qTKZYSOiYhG2iMScSUO51nn+EzrQxxkEj9YsBz9e/FlERKTSJfb0YERmrVy8V/vXQ0UZwq7RW0nAOCa3fK4zQDFtNFjCATGBKc14SHXDIKYqKBUMn1TzAdEUko6DLziuzVQtah22zYVsO+v6y3rKKsMjpBp+gc2egKtdAdaqMOougJvaBX9GY8G+/Gh/G5WC0Zxc0xWhrj6xdz3p8p</latexit><latexit sha1_base64="yjsxxjFjZOEG7G+uGFYlmiOAQgA=">AAACGXicbZDLSsNAFIYn9dbWW6xLN4NFEBclKYIuC7pwWcFeoAlhMp2kQycXZk7EUvokglt9DXfi1pVv4SM4abOwrQcGPv7/HPjn91PBFVjWt1Ha2Nza3ilXqrt7+weH5lGtq5JMUtahiUhk3yeKCR6zDnAQrJ9KRiJfsJ4/vsn93iOTiifxA0xS5kYkjHnAKQEteWbNuWUCCAYnDHETvItK1TPrVsOaD14Hu4A6KqbtmT/OMKFZxGKggig1sK0U3CmRwKlgs6qTKZYSOiYhG2iMScSUO51nn+EzrQxxkEj9YsBz9e/FlERKTSJfb0YERmrVy8V/vXQ0UZwq7RW0nAOCa3fK4zQDFtNFjCATGBKc14SHXDIKYqKBUMn1TzAdEUko6DLziuzVQtah22zYVsO+v6y3rKKsMjpBp+gc2egKtdAdaqMOougJvaBX9GY8G+/Gh/G5WC0Zxc0xWhrj6xdz3p8p</latexit><latexit sha1_base64="yjsxxjFjZOEG7G+uGFYlmiOAQgA=">AAACGXicbZDLSsNAFIYn9dbWW6xLN4NFEBclKYIuC7pwWcFeoAlhMp2kQycXZk7EUvokglt9DXfi1pVv4SM4abOwrQcGPv7/HPjn91PBFVjWt1Ha2Nza3ilXqrt7+weH5lGtq5JMUtahiUhk3yeKCR6zDnAQrJ9KRiJfsJ4/vsn93iOTiifxA0xS5kYkjHnAKQEteWbNuWUCCAYnDHETvItK1TPrVsOaD14Hu4A6KqbtmT/OMKFZxGKggig1sK0U3CmRwKlgs6qTKZYSOiYhG2iMScSUO51nn+EzrQxxkEj9YsBz9e/FlERKTSJfb0YERmrVy8V/vXQ0UZwq7RW0nAOCa3fK4zQDFtNFjCATGBKc14SHXDIKYqKBUMn1TzAdEUko6DLziuzVQtah22zYVsO+v6y3rKKsMjpBp+gc2egKtdAdaqMOougJvaBX9GY8G+/Gh/G5WC0Zxc0xWhrj6xdz3p8p</latexit>

A large black hole forms. The collision happens exponentially close to the

singularity. 

<latexit sha1_base64="OMj8DsZEG2irs9yl4hvQ+HjkzIk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UNGXAxsIigvmAJIS9zV6yZm/v2J1TwpH/YGOhiK3/x85/4ya5QhMfDDzem2Fmnh9LYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3fKp4VIoXkeBkrdizWnoS970R9dTv/nItRGRusdxzLshHSgRCEbRSg3spU+3k16x5JbdGcgy8TJSggy1XvGr049YEnKFTFJj2p4bYzelGgWTfFLoJIbHlI3ogLctVTTkppvOrp2QE6v0SRBpWwrJTP09kdLQmHHo286Q4tAselPxP6+dYFDppkLFCXLF5ouCRBKMyPR10heaM5RjSyjTwt5K2JBqytAGVLAheIsvL5PGWdm7LJ/fXZSqlSyOPBzBMZyCB1dQhRuoQR0YPMAzvMKbEzkvzrvzMW/NOdnMIfyB8/kDzlqPQg==</latexit>

twL
<latexit sha1_base64="ai2LIVzYH83jqh2HIFUIjpDMYSY=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHbVKEcSLx7RyCMBQmaHWRiZnd3M9GrIhn/w4kFjvPo/3vwbB9iDgpV0UqnqTneXH0th0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPd8qnhUiheR4GSt2LNaehL3vRH11O/+ci1EZG6x3HMuyEdKBEIRtFKDeylT3eTXrHklt0ZyDLxMlKCDLVe8avTj1gScoVMUmPanhtjN6UaBZN8UugkhseUjeiAty1VNOSmm86unZATq/RJEGlbCslM/T2R0tCYcejbzpDi0Cx6U/E/r51gUOmmQsUJcsXmi4JEEozI9HXSF5ozlGNLKNPC3krYkGrK0AZUsCF4iy8vk8ZZ2bssn99elKqVLI48HMExnIIHV1CFG6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QPXeI9I</latexit>

twR

Little is known about collision at this high energy. There might be significant

corrections from stringy effect.  

�t
<latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit><latexit sha1_base64="TDDwnfYGd2tlTd+JkLh+kLDY8i4=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZ0IXLCvYH2lAm05t26GQSZm6EEPoMglt9DXfi1mfwLXwEp20Wtnph4OOce+HMCRIpDLrul1NaW9/Y3CpvV3Z29/YPqodHbROnmkOLxzLW3YAZkEJBCwVK6CYaWBRI6ASTm5nfeQRtRKweMEvAj9hIiVBwhlbq9m9BIqM4qNbcujsf+he8AmqkmOag+t0fxjyNQCGXzJie5ybo50yj4BKmlX5qIGF8wkbQs6hYBMbP53mn9MwqQxrG2j6FdK7+vshZZEwWBXYzYjg2q95M/NdLxpkR3FivoOUcGF77uVBJiqD4IkaYSooxnVVDh0IDR5lZYFwL+xPKx0wzjrbAiq3IWy3kL7Qv6p5b9+4vaw23KKtMTsgpOSceuSINckeapEU4keSZvJBX58l5c96dj8VqySlujsnSOJ8/MXGcCA==</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit>

�twL
<latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit><latexit sha1_base64="7RNGW/BMDOiIhMVNgNGWTjl2n/0=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghsXLirYVmhDmUwn7dDJJMzcKCX0FQS3+hruxK3v4Fv4CE7bLGzrhYGPc+6FMydIpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsX4IqOFSKN5AgZI/JJrTKJC8FQyvJ37rkWsjYnWPo4T7Ee0rEQpG0UqtM+xmT7fjbrniVt3pkGXwcqhAPvVu+afTi1kacYVMUmPanpugn1GNgkk+LnVSwxPKhrTP2xYVjbjxs2ncMTmxSo+EsbZPIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL6f5HBhe+ZlQSYpcsVmMMJUEYzJphvSE5gzlyAJlWtifEDagmjK0/ZVsRd5iIcvQPK96btW7u6jU3LysIhzBMZyCB5dQgxuoQwMYDOEFXuHNeXbenQ/nc7ZacPKbQ5gb5+sX1yyb3w==</latexit>

The number of healthy gates is exponentially small



2⇡

�
t⇤ = 36

<latexit sha1_base64="jJ+5oLpJ+eDWBX/S7CKApan5Bc0=">AAACInicbZDPSsNAEMY39V+t/6oee1ksgngoSRX1IhS8eKxga6EpZbPdtEs3m7A7EULIwXcRvOpreBNPgg/hI7htc7CtAwM/vm8GZj4vElyDbX9ZhZXVtfWN4mZpa3tnd6+8f9DWYawoa9FQhKrjEc0El6wFHATrRIqRwBPswRvfTPyHR6Y0D+U9JBHrBWQouc8pASP1yxXXV4SmdTfiWep6DEgG/VN8jc8uSv1y1a7Z08LL4ORQRXk1++UfdxDSOGASqCBadx07gl5KFHAqWFZyY80iQsdkyLoGJQmY7qXTJzJ8bJQB9kNlWgKeqn83UhJonQSemQwIjPSiNxH/9aJRojnVxstp/g7wr3opl1EMTNLZGX4sMIR4khcecMUoiMQAoYqbTzAdEZMZmFQnETmLgSxDu15z7Jpzd15t2HlYRVRBR+gEOegSNdAtaqIWougJvaBX9GY9W+/Wh/U5Gy1Y+c4hmivr+xdNG6NR</latexit><latexit sha1_base64="jJ+5oLpJ+eDWBX/S7CKApan5Bc0=">AAACInicbZDPSsNAEMY39V+t/6oee1ksgngoSRX1IhS8eKxga6EpZbPdtEs3m7A7EULIwXcRvOpreBNPgg/hI7htc7CtAwM/vm8GZj4vElyDbX9ZhZXVtfWN4mZpa3tnd6+8f9DWYawoa9FQhKrjEc0El6wFHATrRIqRwBPswRvfTPyHR6Y0D+U9JBHrBWQouc8pASP1yxXXV4SmdTfiWep6DEgG/VN8jc8uSv1y1a7Z08LL4ORQRXk1++UfdxDSOGASqCBadx07gl5KFHAqWFZyY80iQsdkyLoGJQmY7qXTJzJ8bJQB9kNlWgKeqn83UhJonQSemQwIjPSiNxH/9aJRojnVxstp/g7wr3opl1EMTNLZGX4sMIR4khcecMUoiMQAoYqbTzAdEZMZmFQnETmLgSxDu15z7Jpzd15t2HlYRVRBR+gEOegSNdAtaqIWougJvaBX9GY9W+/Wh/U5Gy1Y+c4hmivr+xdNG6NR</latexit><latexit sha1_base64="jJ+5oLpJ+eDWBX/S7CKApan5Bc0=">AAACInicbZDPSsNAEMY39V+t/6oee1ksgngoSRX1IhS8eKxga6EpZbPdtEs3m7A7EULIwXcRvOpreBNPgg/hI7htc7CtAwM/vm8GZj4vElyDbX9ZhZXVtfWN4mZpa3tnd6+8f9DWYawoa9FQhKrjEc0El6wFHATrRIqRwBPswRvfTPyHR6Y0D+U9JBHrBWQouc8pASP1yxXXV4SmdTfiWep6DEgG/VN8jc8uSv1y1a7Z08LL4ORQRXk1++UfdxDSOGASqCBadx07gl5KFHAqWFZyY80iQsdkyLoGJQmY7qXTJzJ8bJQB9kNlWgKeqn83UhJonQSemQwIjPSiNxH/9aJRojnVxstp/g7wr3opl1EMTNLZGX4sMIR4khcecMUoiMQAoYqbTzAdEZMZmFQnETmLgSxDu15z7Jpzd15t2HlYRVRBR+gEOegSNdAtaqIWougJvaBX9GY9W+/Wh/U5Gy1Y+c4hmivr+xdNG6NR</latexit><latexit sha1_base64="jJ+5oLpJ+eDWBX/S7CKApan5Bc0=">AAACInicbZDPSsNAEMY39V+t/6oee1ksgngoSRX1IhS8eKxga6EpZbPdtEs3m7A7EULIwXcRvOpreBNPgg/hI7htc7CtAwM/vm8GZj4vElyDbX9ZhZXVtfWN4mZpa3tnd6+8f9DWYawoa9FQhKrjEc0El6wFHATrRIqRwBPswRvfTPyHR6Y0D+U9JBHrBWQouc8pASP1yxXXV4SmdTfiWep6DEgG/VN8jc8uSv1y1a7Z08LL4ORQRXk1++UfdxDSOGASqCBadx07gl5KFHAqWFZyY80iQsdkyLoGJQmY7qXTJzJ8bJQB9kNlWgKeqn83UhJonQSemQwIjPSiNxH/9aJRojnVxstp/g7wr3opl1EMTNLZGX4sMIR4khcecMUoiMQAoYqbTzAdEZMZmFQnETmLgSxDu15z7Jpzd15t2HlYRVRBR+gEOegSNdAtaqIWougJvaBX9GY9W+/Wh/U5Gy1Y+c4hmivr+xdNG6NR</latexit>

Comparison of the total number of healthy gates in the overlap 
region                and the spacetime volume of post collision region                                Nhealthy(�t)

<latexit sha1_base64="O0IANA2yBomutaEaxxWrPvcMr/c=">AAACI3icbZDLSgNBEEV7fMb4irrURWMQ4ibMiKDLgC5cSQTzgCSEnk4l06TnQXeNOAzZ+C+CW/0Nd+LGhf/gJ9hJZmESCwoO91ZB1XUjKTTa9pe1tLyyurae28hvbm3v7Bb29us6jBWHGg9lqJou0yBFADUUKKEZKWC+K6HhDq/GfuMBlBZhcI9JBB2fDQLRF5yhkbqFo9tu2kZ4xNQDJtFLRqNS+xokMoqn3ULRLtuToovgZFAkWVW7hZ92L+SxDwFyybRuOXaEnZQpFFzCKN+ONUSMD9kAWgYD5oPupJMvRvTEKD3aD5XpAOlE/buRMl/rxHfNpM/Q0/PeWPzXi7xEC66Nl9HsHdi/7KQiiGKEgE/P6MeSYkjHgdGeUMBRJgYYV8J8QrnHFONoYs2biJz5QBahflZ27LJzd16s2FlYOXJIjkmJOOSCVMgNqZIa4eSJvJBX8mY9W+/Wh/U5HV2ysp0DMlPW9y8ysKT/</latexit><latexit sha1_base64="O0IANA2yBomutaEaxxWrPvcMr/c=">AAACI3icbZDLSgNBEEV7fMb4irrURWMQ4ibMiKDLgC5cSQTzgCSEnk4l06TnQXeNOAzZ+C+CW/0Nd+LGhf/gJ9hJZmESCwoO91ZB1XUjKTTa9pe1tLyyurae28hvbm3v7Bb29us6jBWHGg9lqJou0yBFADUUKKEZKWC+K6HhDq/GfuMBlBZhcI9JBB2fDQLRF5yhkbqFo9tu2kZ4xNQDJtFLRqNS+xokMoqn3ULRLtuToovgZFAkWVW7hZ92L+SxDwFyybRuOXaEnZQpFFzCKN+ONUSMD9kAWgYD5oPupJMvRvTEKD3aD5XpAOlE/buRMl/rxHfNpM/Q0/PeWPzXi7xEC66Nl9HsHdi/7KQiiGKEgE/P6MeSYkjHgdGeUMBRJgYYV8J8QrnHFONoYs2biJz5QBahflZ27LJzd16s2FlYOXJIjkmJOOSCVMgNqZIa4eSJvJBX8mY9W+/Wh/U5HV2ysp0DMlPW9y8ysKT/</latexit><latexit sha1_base64="O0IANA2yBomutaEaxxWrPvcMr/c=">AAACI3icbZDLSgNBEEV7fMb4irrURWMQ4ibMiKDLgC5cSQTzgCSEnk4l06TnQXeNOAzZ+C+CW/0Nd+LGhf/gJ9hJZmESCwoO91ZB1XUjKTTa9pe1tLyyurae28hvbm3v7Bb29us6jBWHGg9lqJou0yBFADUUKKEZKWC+K6HhDq/GfuMBlBZhcI9JBB2fDQLRF5yhkbqFo9tu2kZ4xNQDJtFLRqNS+xokMoqn3ULRLtuToovgZFAkWVW7hZ92L+SxDwFyybRuOXaEnZQpFFzCKN+ONUSMD9kAWgYD5oPupJMvRvTEKD3aD5XpAOlE/buRMl/rxHfNpM/Q0/PeWPzXi7xEC66Nl9HsHdi/7KQiiGKEgE/P6MeSYkjHgdGeUMBRJgYYV8J8QrnHFONoYs2biJz5QBahflZ27LJzd16s2FlYOXJIjkmJOOSCVMgNqZIa4eSJvJBX8mY9W+/Wh/U5HV2ysp0DMlPW9y8ysKT/</latexit><latexit sha1_base64="O0IANA2yBomutaEaxxWrPvcMr/c=">AAACI3icbZDLSgNBEEV7fMb4irrURWMQ4ibMiKDLgC5cSQTzgCSEnk4l06TnQXeNOAzZ+C+CW/0Nd+LGhf/gJ9hJZmESCwoO91ZB1XUjKTTa9pe1tLyyurae28hvbm3v7Bb29us6jBWHGg9lqJou0yBFADUUKKEZKWC+K6HhDq/GfuMBlBZhcI9JBB2fDQLRF5yhkbqFo9tu2kZ4xNQDJtFLRqNS+xokMoqn3ULRLtuToovgZFAkWVW7hZ92L+SxDwFyybRuOXaEnZQpFFzCKN+ONUSMD9kAWgYD5oPupJMvRvTEKD3aD5XpAOlE/buRMl/rxHfNpM/Q0/PeWPzXi7xEC66Nl9HsHdi/7KQiiGKEgE/P6MeSYkjHgdGeUMBRJgYYV8J8QrnHFONoYs2biJz5QBahflZ27LJzd16s2FlYOXJIjkmJOOSCVMgNqZIa4eSJvJBX8mY9W+/Wh/U5HV2ysp0DMlPW9y8ysKT/</latexit>

V (�t)
<latexit sha1_base64="OxfgHxCBA6PszfLwPUdXX63kJ+o=">AAACEHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiyoAuXFewPtKFMppN26GQSZm6EEvoSglt9DXfi1jfwLXwEp20WtvXCwMc598KZEyRSGHTdb2dtfWNza7uwU9zd2z84LB0dN02casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UqdZ6d5xiZTgRa9UdqvubMgqeDmUIZ96r/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B2Likbc+Nks8oScW6VPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkP6QnOGcmyBMi3sTwgbUk0Z2g6LtiJvuZBVaF5WPbfqPVyVa25eVgFO4Qwq4ME11OAe6tAABjG8wCu8Oc/Ou/PhfM5X15z85gQWxvn6BbkCnM0=</latexit><latexit sha1_base64="OxfgHxCBA6PszfLwPUdXX63kJ+o=">AAACEHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiyoAuXFewPtKFMppN26GQSZm6EEvoSglt9DXfi1jfwLXwEp20WtvXCwMc598KZEyRSGHTdb2dtfWNza7uwU9zd2z84LB0dN02casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UqdZ6d5xiZTgRa9UdqvubMgqeDmUIZ96r/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B2Likbc+Nks8oScW6VPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkP6QnOGcmyBMi3sTwgbUk0Z2g6LtiJvuZBVaF5WPbfqPVyVa25eVgFO4Qwq4ME11OAe6tAABjG8wCu8Oc/Ou/PhfM5X15z85gQWxvn6BbkCnM0=</latexit><latexit sha1_base64="OxfgHxCBA6PszfLwPUdXX63kJ+o=">AAACEHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiyoAuXFewPtKFMppN26GQSZm6EEvoSglt9DXfi1jfwLXwEp20WtvXCwMc598KZEyRSGHTdb2dtfWNza7uwU9zd2z84LB0dN02casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UqdZ6d5xiZTgRa9UdqvubMgqeDmUIZ96r/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B2Likbc+Nks8oScW6VPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkP6QnOGcmyBMi3sTwgbUk0Z2g6LtiJvuZBVaF5WPbfqPVyVa25eVgFO4Qwq4ME11OAe6tAABjG8wCu8Oc/Ou/PhfM5X15z85gQWxvn6BbkCnM0=</latexit><latexit sha1_base64="OxfgHxCBA6PszfLwPUdXX63kJ+o=">AAACEHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiyoAuXFewPtKFMppN26GQSZm6EEvoSglt9DXfi1jfwLXwEp20WtvXCwMc598KZEyRSGHTdb2dtfWNza7uwU9zd2z84LB0dN02casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG0UqdZ6d5xiZTgRa9UdqvubMgqeDmUIZ96r/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B2Likbc+Nks8oScW6VPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkP6QnOGcmyBMi3sTwgbUk0Z2g6LtiJvuZBVaF5WPbfqPVyVa25eVgFO4Qwq4ME11OAe6tAABjG8wCu8Oc/Ou/PhfM5X15z85gQWxvn6BbkCnM0=</latexit>



Comparison with scattering of two objects coming

from the same boundary

<latexit sha1_base64="DkvMG2sC+58f+q6Nzdm4NHovMH8=">AAAB/3icbVDJSgNBEK2JW4xb1KOXxiB4CjNxPQa8eIxoFkiG0NPpSZr0LHTXCMOQgx/gVT/Bm3j1U/wCf8NOMgdNfFDweK+KqnpeLIVG2/6yCiura+sbxc3S1vbO7l55/6Clo0Qx3mSRjFTHo5pLEfImCpS8EytOA0/ytje+mfrtR660iMIHTGPuBnQYCl8wika6x36tX67YVXsGskycnFQgR6Nf/u4NIpYEPEQmqdZdx47RzahCwSSflHqJ5jFlYzrkXUNDGnDtZrNTJ+TEKAPiR8pUiGSm/p7IaKB1GnimM6A40oveVPzXi0epFkwvrEf/2s1EGCfIQzbf7ieSYESmYZCBUJyhTA2hTAnzAGEjqihDE1nJJOMs5rBMWrWqc1k9uzuv1C/yjIpwBMdwCg5cQR1uoQFNYDCEZ3iBV+vJerPerY95a8HKZw7hD6zPHxLklpA=</latexit>

t2

<latexit sha1_base64="a/RerPZEEw4fG/qDxfzgR8JJ/9M=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpAsYXYySYbMzi4zvcKy5OAHeNVP8CZe/RS/wN9wkuxBowUNRVU33V1BLIVB1/10CkvLK6trxfXSxubW9k55d69pokQz3mCRjHQ7oIZLoXgDBUrejjWnYSB5KxhfT/3WA9dGROoe05j7IR0qMRCMopXusOf1yhW36s5A/hIvJxXIUe+Vv7r9iCUhV8gkNabjuTH6GdUomOSTUjcxPKZsTIe8Y6miITd+Njt1Qo6s0ieDSNtSSGbqz4mMhsakYWA7Q4ojs+hNxX+9eJQawczCehxc+ZlQcYJcsfn2QSIJRmQaBukLzRnK1BLKtLAPEDaimjK0kZVsMt5iDn9J86TqXVRPb88qtfM8oyIcwCEcgweXUIMbqEMDGAzhCZ7hxXl0Xp03533eWnDymX34BefjGxFLlo8=</latexit>

t1

<latexit sha1_base64="KOmfrKpZED3vqMIhTI/wZPNJHdc=">AAACA3icbVDLSsNAFJ3UV41Wqy7dDJaCq5JU0K6kIIjLCvYBbQiT6aQdOpmEmRshlC79ALe6d+NO3LrxL/wCf8PpY6GtBy4czrmXe+8JEsE1OM6XlVtb39jcym/bO7uFvf3iwWFLx6mirEljEatOQDQTXLImcBCskyhGokCwdjC6mvrte6Y0j+UdZAnzIjKQPOSUgJHa4FcvwXf9YsmpODPgVeIuSKle+EzL1/ZLwy9+9/oxTSMmgQqiddd1EvDGRAGngk3sXqpZQuiIDFjXUEkipr3x7NwJLhulj8NYmZKAZ+rviTGJtM6iwHRGBIZ62ZuK/3rJMNOc6qX1ENa8MZdJCkzS+fYwFRhiPA0E97liFERmCKGKmwcwHRJFKJjYbJOMu5zDKmlVK+555ezWRFRDc+TRMTpBp8hFF6iOblADNRFFI/SIntCz9WC9Wm/W+7w1Zy1mjtAfWB8/bPOamA==</latexit>

t2 > t1
<latexit sha1_base64="Bbs6mqxCjSRQofEZ2CTylBecUhY=">AAACHnicbVDLSgNBEJyNryS+ol4EL4MiJJewq6Aeg4p4jGISwYRldtJJhsw+mOkV4xLw5Hf4AZ4E/QRv4lXBu7/hJPGg0YKmi6pumi4vkkKjbb9bqYnJqemZdCY7Oze/sJhbWq7qMFYcKjyUoTr3mAYpAqigQAnnkQLmexJqXvdg4NcuQWkRBmfYi6Dhs3YgWoIzNJKbo1X3NI+uU6gN+1ah3gVM6ghXmJwdHfb7bm7DLtpD0L/E+SYbpdXrj8zNw37ZzX3WmyGPfQiQS6b1hWNH2EiYQsEl9LP1WEPEeJe14cLQgPmgG8nwkz7dNEqTtkJlKkA6VH9uJMzXuud7ZtJn2NHj3kD814s6PS24HjuPrb1GIoIoRgj46HorlhRDOsiKNoUCjrJnCONKmAco7zDFOJpEsyYZZzyHv6S6VXR2itsnJqI9MkKarJF1kicO2SUlckzKpEI4uSX35JE8WXfWs/VivY5GU9b3zgr5BevtC1CDpVE=</latexit>

VR(t1)WR(t2) |TFDi
<latexit sha1_base64="rEdPgMbCrPdMXXrVMN6gMtVtZKI=">AAACE3icbVDJSgNBEO2JW4xbVDx5aQyCF8NMXI8BPXiMYBZIwtDTqUma9Cx21wTCkM/wA7zqJ3gTr36AX+Bv2FkOmvig4PFeFVX1vFgKjbb9ZWWWlldW17LruY3Nre2d/O5eTUeJ4lDlkYxUw2MapAihigIlNGIFLPAk1L3+zdivD0BpEYUPOIyhHbBuKHzBGRrJzR+gWzpF12nBYyIGrVuQyCi6+YJdtCegi8SZkQKZoeLmv1udiCcBhMgl07rp2DG2U6ZQcAmjXCvREDPeZ11oGhqyAHQ7nZw/osdG6VA/UqZCpBP190TKAq2HgWc6A4Y9Pe+NxX+9uDfUguu59ehft1MRxglCyKfb/URSjOg4INoRCjjKoSGMK2EeoLzHFONoYsyZZJz5HBZJrVR0Lotn9+eF8sUsoyw5JEfkhDjkipTJHamQKuEkJc/khbxaT9ab9W59TFsz1mxmn/yB9fkD8FWeBg==</latexit>

t2 � t1 ⌘ �t

Two directions of the quantum circuit: future and past 
time evolutions. 

overlap
<latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit><latexit sha1_base64="BebKjCfYcm0+h4iBZFnuAxILcSk=">AAACE3icbVDNSgMxGMzWv1r/qh69BIvgqeyKoMeCF48V7A+0tWTTbBuaTULyrbgsfQzBq76GN/HqA/gWPoJpuwfbOhAYZuaDyYRacAu+/+0V1tY3NreK26Wd3b39g/LhUdOqxFDWoEoo0w6JZYJL1gAOgrW1YSQOBWuF45up33pkxnIl7yHVrBeToeQRpwSc9NAF9gSZcglB9KRfrvhVfwa8SoKcVFCOer/80x0omsRMAhXE2k7ga+hlxACngk1K3cQyTeiYDFnHUUliZnvZrPUEnzllgCNl3JOAZ+rfi4zE1qZx6JIxgZFd9qbiv54epZZT67ycLfaA6LqXcakTYJLOa0SJwKDwdCA84IZREKkjhBrufoLpiBhCwc1YchMFy4OskuZFNfCrwd1lpebnYxXRCTpF5yhAV6iGblEdNRBFBr2gV/TmPXvv3of3OY8WvPzmGC3A+/oFbsmffA==</latexit>

<latexit sha1_base64="DkvMG2sC+58f+q6Nzdm4NHovMH8=">AAAB/3icbVDJSgNBEK2JW4xb1KOXxiB4CjNxPQa8eIxoFkiG0NPpSZr0LHTXCMOQgx/gVT/Bm3j1U/wCf8NOMgdNfFDweK+KqnpeLIVG2/6yCiura+sbxc3S1vbO7l55/6Clo0Qx3mSRjFTHo5pLEfImCpS8EytOA0/ytje+mfrtR660iMIHTGPuBnQYCl8wika6x36tX67YVXsGskycnFQgR6Nf/u4NIpYEPEQmqdZdx47RzahCwSSflHqJ5jFlYzrkXUNDGnDtZrNTJ+TEKAPiR8pUiGSm/p7IaKB1GnimM6A40oveVPzXi0epFkwvrEf/2s1EGCfIQzbf7ieSYESmYZCBUJyhTA2hTAnzAGEjqihDE1nJJOMs5rBMWrWqc1k9uzuv1C/yjIpwBMdwCg5cQR1uoQFNYDCEZ3iBV+vJerPerY95a8HKZw7hD6zPHxLklpA=</latexit>

t2
<latexit sha1_base64="a/RerPZEEw4fG/qDxfzgR8JJ/9M=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpAsYXYySYbMzi4zvcKy5OAHeNVP8CZe/RS/wN9wkuxBowUNRVU33V1BLIVB1/10CkvLK6trxfXSxubW9k55d69pokQz3mCRjHQ7oIZLoXgDBUrejjWnYSB5KxhfT/3WA9dGROoe05j7IR0qMRCMopXusOf1yhW36s5A/hIvJxXIUe+Vv7r9iCUhV8gkNabjuTH6GdUomOSTUjcxPKZsTIe8Y6miITd+Njt1Qo6s0ieDSNtSSGbqz4mMhsakYWA7Q4ojs+hNxX+9eJQawczCehxc+ZlQcYJcsfn2QSIJRmQaBukLzRnK1BLKtLAPEDaimjK0kZVsMt5iDn9J86TqXVRPb88qtfM8oyIcwCEcgweXUIMbqEMDGAzhCZ7hxXl0Xp03533eWnDymX34BefjGxFLlo8=</latexit>

t1

The quantum circuit picture is similar:  Two perturbations 
grow in opposite directions in one quantum circuit. The 

number of health gates as a function of     should be 
similar.


<latexit sha1_base64="mzQ3cgfreWkHTg8iJAJLc7jN2ZA=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBA8hV3fx4AePEYwD0iWMDvpJENmZ5eZXmFZcvUDvOoneBOv/odf4G84SfagiQUNRVU33V1BLIVB1/1ylpZXVtfWCxvFza3tnd3S3n7DRInmUOeRjHQrYAakUFBHgRJasQYWBhKawehm4jcfQRsRqQdMY/BDNlCiLzhDK7U6tyCRUeyWym7FnYIuEi8nZZKj1i19d3oRT0JQyCUzpu25MfoZ0yi4hHGxkxiIGR+xAbQtVSwE42fTe8f02Co92o+0LYV0qv6eyFhoTBoGtjNkODTz3kT814uHqRHczK3H/rWfCRUnCIrPtvcTSTGik0RoT2jgKFNLGNfCPkD5kGnG0eZWtMl48zksksZpxbusnN2fl6sXeUYFckiOyAnxyBWpkjtSI3XCiSTP5IW8Ok/Om/PufMxal5x85oD8gfP5A8IfmJc=</latexit>

�t



<latexit sha1_base64="XcOHePY12rZjHJUYgli8KJDzxnE=">AAAB/XicbVDJSgNBEK1xjXGLehSkMQiewoyC5mbAi8cEzAJJCD2dmqRJz0J3jzAMwZMnr/oJ3sSrOfkffoEHf8LOctDEBwWP96qoqudGgitt25/W0vLK6tp6ZiO7ubW9s5vb26+pMJYMqywUoWy4VKHgAVY11wIbkUTquwLr7uB67NfvUCoeBrc6ibDt017APc6oNlKl1snl7YI9AVkkzozkrz5Gle+Ho1G5k/tqdUMW+xhoJqhSTceOdDulUnMmcJhtxQojyga0h01DA+qjaqeTQ4fkxChd4oXSVKDJRP09kVJfqcR3TadPdV/Ne2PxXy/qJ4ozNbdee8V2yoMo1hiw6XYvFkSHZBwF6XKJTIvEEMokNw8Q1qeSMm0Cy5pknPkcFkntrOBcFM4rdr5UhCkycAjHcAoOXEIJbqAMVWCA8AhP8GzdWy/Wq/U2bV2yZjMH8AfW+w/SX5oY</latexit>

V

<latexit sha1_base64="O9mI9wvkx1uEghfTvgeCYb49Jgk=">AAACCHicbVDLSsNAFJ3UV61Wqy7dDJaCuCiJgnbhoqCIywq2FZpQJtNJO3QyCTM3Qgj9AT/Ara5cuxO3/Qu/wN9w+lho64ELh3Pu5d57/FhwDbb9ZeVWVtfWN/Kbha3t4s5uaW+/paNEUdakkYjUg080E1yyJnAQ7CFWjIS+YG1/eDXx249MaR7Je0hj5oWkL3nAKQEjue41E0AwXEL3pFsq21V7CrxMnDkp14vjpHJTeGt0S99uL6JJyCRQQbTuOHYMXkYUcCrYqOAmmsWEDkmfdQyVJGTay6Y3j3DFKD0cRMqUBDxVf09kJNQ6DX3TGRIY6EVvIv7rxYNUc6oX1kNQ8zIu4wSYpLPtQSIwRHiSCu5xxSiI1BBCFTcPYDogilAw2RVMMs5iDsukdVp1zqtndyaiGpohjw7RETpGDrpAdXSLGqiJKIrRM3pBr9aT9W59WJ+z1pw1nzlAf2CNfwAVUpyW</latexit>

�t < t⇤

<latexit sha1_base64="W77IzKi3MqYdsfoQ1xIuOboy2qM=">AAAB/XicbVDLSgNBEOz1GeMr6lGQxSB4CrsKmpsBLx4TMA9IQpid9CZDZmeXmVlhWYInT171E7yJV3PyP/wCD/6Ek8dBEwsaiqpuuru8iDOlHefTWlpeWV1bz2xkN7e2d3Zze/s1FcaSYpWGPJQNjyjkTGBVM82xEUkkgcex7g2ux379DqViobjVSYTtgPQE8xkl2kiVeieXdwrOBPYicWckf/Uxqnw/HI3KndxXqxvSOEChKSdKNV0n0u2USM0ox2G2FSuMCB2QHjYNFSRA1U4nhw7tE6N0bT+UpoS2J+rviZQESiWBZzoDovtq3huL/3pRP1GMqrn12i+2UyaiWKOg0+1+zG0d2uMo7C6TSDVPDCFUMvOATftEEqpNYFmTjDufwyKpnRXci8J5xcmXijBFBg7hGE7BhUsowQ2UoQoUEB7hCZ6te+vFerXepq1L1mzmAP7Aev8B0/iaGQ==</latexit>

W

One sees some universal features when the collision is strong

enough such that it is behind a black hole horizon: The 
shrinking of post-collision region has to do with the fact that 
there are no more healthy gates in the quantum circuit. 

Essentially the same boundary mechanism with the collision 

between two signals coming from different non-interacting

boundaries. 

<latexit sha1_base64="yFxETWksXNtly0RaZehkZteKMXw=">AAACCHicbVDLSsNAFJ3UV61Wqy7dDJaCuCiJgnYlBUVcVrCt0IQymU7aoZNJmLkRQugP+AFudeXanbjtX/gF/obTx0JbD1w4nHMv997jx4JrsO0vK7eyura+kd8sbG0Xd3ZLe/stHSWKsiaNRKQefKKZ4JI1gYNgD7FiJPQFa/vDq4nffmRK80jeQxozLyR9yQNOCRjJda+ZAILhEron3VLZrtpT4GXizEm5XhwnlZvCW6Nb+nZ7EU1CJoEKonXHsWPwMqKAU8FGBTfRLCZ0SPqsY6gkIdNeNr15hCtG6eEgUqYk4Kn6eyIjodZp6JvOkMBAL3oT8V8vHqSaU72wHoKal3EZJ8AknW0PEoEhwpNUcI8rRkGkhhCquHkA0wFRhILJrmCScRZzWCat06pzXj27MxHV0Ax5dIiO0DFy0AWqo1vUQE1EUYye0Qt6tZ6sd+vD+py15qz5zAH6A2v8AxiKnJg=</latexit>

�t > t⇤The bulk picture is very similar for            : The healthy gates 
are stored in the post-collision region.

<latexit sha1_base64="yFxETWksXNtly0RaZehkZteKMXw=">AAACCHicbVDLSsNAFJ3UV61Wqy7dDJaCuCiJgnYlBUVcVrCt0IQymU7aoZNJmLkRQugP+AFudeXanbjtX/gF/obTx0JbD1w4nHMv997jx4JrsO0vK7eyura+kd8sbG0Xd3ZLe/stHSWKsiaNRKQefKKZ4JI1gYNgD7FiJPQFa/vDq4nffmRK80jeQxozLyR9yQNOCRjJda+ZAILhEron3VLZrtpT4GXizEm5XhwnlZvCW6Nb+nZ7EU1CJoEKonXHsWPwMqKAU8FGBTfRLCZ0SPqsY6gkIdNeNr15hCtG6eEgUqYk4Kn6eyIjodZp6JvOkMBAL3oT8V8vHqSaU72wHoKal3EZJ8AknW0PEoEhwpNUcI8rRkGkhhCquHkA0wFRhILJrmCScRZzWCat06pzXj27MxHV0Ax5dIiO0DFy0AWqo1vUQE1EUYye0Qt6tZ6sd+vD+py15qz5zAH6A2v8AxiKnJg=</latexit>

�t > t⇤

Bulk picture



Beyond ER = EPR

One can apply this picture to one-sided black holes, e.g., 

black holes with end of world brane.

A boundary mechanism with which matter gravitationally

interact: perturbations overlapping in the quantum circuit. 

A more ambitious goal: can we derive gravitational interactions

(approximately) from knowing properties of the quantum circuit?

What’s the right quantity to ask about?



D. Roberts, D. Stanford, L. Susskind, arXiv:1409.8180

<latexit sha1_base64="OMj8DsZEG2irs9yl4hvQ+HjkzIk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UNGXAxsIigvmAJIS9zV6yZm/v2J1TwpH/YGOhiK3/x85/4ya5QhMfDDzem2Fmnh9LYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3fKp4VIoXkeBkrdizWnoS970R9dTv/nItRGRusdxzLshHSgRCEbRSg3spU+3k16x5JbdGcgy8TJSggy1XvGr049YEnKFTFJj2p4bYzelGgWTfFLoJIbHlI3ogLctVTTkppvOrp2QE6v0SRBpWwrJTP09kdLQmHHo286Q4tAselPxP6+dYFDppkLFCXLF5ouCRBKMyPR10heaM5RjSyjTwt5K2JBqytAGVLAheIsvL5PGWdm7LJ/fXZSqlSyOPBzBMZyCB1dQhRuoQR0YPMAzvMKbEzkvzrvzMW/NOdnMIfyB8/kDzlqPQg==</latexit>

twL

<latexit sha1_base64="nTuS7aJf+ygRG1w0J78cbNX1cZY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBHqpiS+lwU3LivYB7ShTKaTZuhkEmYmYgjd+AFu9RPciVv/xC/wN5y0WWjrgQuHc+7l3nu8mDOlbfvLWlpeWV1bL22UN7e2d3Yre/ttFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm9zvPFCpWCTudRpTN8QjwXxGsM6loPZ4MqhU7bo9BVokTkGqUKA5qHz3hxFJQio04VipnmPH2s2w1IxwOin3E0VjTMZ4RHuGChxS5WbTWyfo2ChD5EfSlNBoqv6eyHCoVBp6pjPEOlDzXi7+68VBqhhRc+u1f+1mTMSJpoLMtvsJRzpCeRpoyCQlmqeGYCKZeQCRAEtMtMmsbJJx5nNYJO3TunNZP7s7rzYuioxKcAhHUAMHrqABt9CEFhAI4Ble4NV6st6sd+tj1rpkFTMH8AfW5w9+5pbG</latexit>

h(x)

Localized shockwaves

<latexit sha1_base64="RNc3VI3SDqN5spza0sdGZpCyIYg="></latexit>

h(x) =
e

2⇡
� (�twL�t⇤)�µ|x�xwL|

|x� xwL|
D�3

2

<latexit sha1_base64="SfwMXiG9/m+RRgEpkNWu9zR4ggQ=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRLfy4Ibly3YB7ShTKY37dDJJMxMxBCKH+BWP8GduPVb/AJ/w2mbhbYeuHA4517uvcePOVPacb6swsrq2vpGcbO0tb2zu1feP2ipKJEUmzTikez4RCFnApuaaY6dWCIJfY5tf3w79dsPKBWLxL1OY/RCMhQsYJRoIzUe++WKU3VmsJeJm5MK5Kj3y9+9QUSTEIWmnCjVdZ1YexmRmlGOk1IvURgTOiZD7BoqSIjKy2aHTuwTowzsIJKmhLZn6u+JjIRKpaFvOkOiR2rRm4r/evEoVYyqhfU6uPEyJuJEo6Dz7UHCbR3Z0yjsAZNINU8NIVQy84BNR0QSqk1gJZOMu5jDMmmdVd2r6nnjolK7zDMqwhEcwym4cA01uIM6NIECwjO8wKv1ZL1Z79bHvLVg5TOH8AfW5w/mRpXv</latexit>x

<latexit sha1_base64="6J2dL2ACxNJdv6sm+CSVw7RR278=">AAAB/3icbVDJSgNBEK2JW4xb1KOXxiB4CjPux4AXDx4imgWSIfR0epImPQvdNcIw5OAHeNVP8CZe/RS/wN+wk8xBEx8UPN6roqqeF0uh0ba/rMLS8srqWnG9tLG5tb1T3t1r6ihRjDdYJCPV9qjmUoS8gQIlb8eK08CTvOWNrid+65ErLaLwAdOYuwEdhMIXjKKR7rF32ytX7Ko9BVkkTk4qkKPeK393+xFLAh4ik1TrjmPH6GZUoWCSj0vdRPOYshEd8I6hIQ24drPpqWNyZJQ+8SNlKkQyVX9PZDTQOg080xlQHOp5byL+68XDVAum59ajf+VmIowT5CGbbfcTSTAikzBIXyjOUKaGUKaEeYCwIVWUoYmsZJJx5nNYJM2TqnNRPb07q9TO84yKcACHcAwOXEINbqAODWAwgGd4gVfryXqz3q2PWWvBymf24Q+szx88bpaq</latexit>

tL

<latexit sha1_base64="+/ZoxI90GfPdK9yt3wvjPkQLfR0="></latexit>

twL ! twL(x) = twL +
|x� xwL|

vB



Collisions of localized shockwaves

<latexit sha1_base64="uoOkeCa5iTGqUCg6FqsRZMiSVKs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2HX9zHgxWNE84BkCbOTTjJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KYsG1cd1vJ7eyura+kd8sbG3v7O4V9w8aOkoUwzqLRKRaAdUouMS64UZgK1ZIw0BgMxjdTv3mEyrNI/loxjH6IR1I3ueMGis9lOlpt1hyK+4MZJl4GSlBhlq3+NXpRSwJURomqNZtz42Nn1JlOBM4KXQSjTFlIzrAtqWShqj9dHbqhJxYpUf6kbIlDZmpvydSGmo9DgPbGVIz1IveVPzPayemf+OnXMaJQcnmi/qJICYi079JjytkRowtoUxxeythQ6ooMzadgg3BW3x5mTTOKt5V5fz+olS9zOLIwxEcQxk8uIYq3EEN6sBgAM/wCm+OcF6cd+dj3ppzsplD+APn8weHXo1F</latexit>

(a)

<latexit sha1_base64="rgEQIw83pAv8obkuTVC4ehWGNQ0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2HX9zHgxWNE84BkCbOTSTJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KYikMuu63k1tZXVvfyG8WtrZ3dveK+wcNEyWa8TqLZKRbATVcCsXrKFDyVqw5DQPJm8Hoduo3n7g2IlKPOI65H9KBEn3BKFrpoRycdoslt+LOQJaJl5ESZKh1i1+dXsSSkCtkkhrT9twY/ZRqFEzySaGTGB5TNqID3rZU0ZAbP52dOiEnVumRfqRtKSQz9fdESkNjxmFgO0OKQ7PoTcX/vHaC/Rs/FSpOkCs2X9RPJMGITP8mPaE5Qzm2hDIt7K2EDammDG06BRuCt/jyMmmcVbyryvn9Ral6mcWRhyM4hjJ4cA1VuIMa1IHBAJ7hFd4c6bw4787HvDXnZDOH8AfO5w+I441G</latexit>

(b)

<latexit sha1_base64="ZtarHeJ9Wwb95F7VfZjFtfyXGgo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVKEcSLx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCas+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyd12+rF+VqpUsjjycwCmcgwc3UIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOXTjPo=</latexit>x

One should be able to tell the difference between the two 

cases from boundary six-point functions.

<latexit sha1_base64="QCMDdWMkmv43YqAOH34esEEFatY="></latexit>

�t ! �t(x) = �twL � |x� xwL|
vB

� tR � |x� xwR|
vB



The metric in the post collision region is in general unknown. 

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>

tL = 0
<latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit>

tL = �t⇤
<latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</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>

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>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</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>

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>

<latexit sha1_base64="f+tFRwN4dY6/ldeWji1v2fsP9w8=">AAACAnicbVDLSsNAFL2pr7a+qm4EN8Ei1E1JFLTLohuXFewD2lAm00kzdjIJMxMxhoILP8CtfoI7deuPCO79DaePhbYeuHA4517uvceNGJXKsj6NzMLi0vJKNpdfXVvf2CxsbTdkGAtM6jhkoWi5SBJGOakrqhhpRYKgwGWk6Q7OR37zhghJQ36lkog4Aepz6lGMlJYaftcu3R52C0WrbI1hzhN7SorV3buv3P3bWa1b+O70QhwHhCvMkJRt24qUkyKhKGZkmO/EkkQID1CftDXlKCDSScfXDs0DrfRMLxS6uDLH6u+JFAVSJoGrOwOkfDnrjcR/vchPJMVyZr3yKk5KeRQrwvFkuxczU4XmKA+zRwXBiiWaICyofsDEPhIIK51aXidjz+YwTxpHZfukfHypI6rABFnYg30ogQ2nUIULqEEdMFzDIzzBs/FgvBivxvukNWNMZ3bgD4yPHzaTmpQ=</latexit>

h1(x)

<latexit sha1_base64="8ulDrpEtA4WSi11+B4TKCI3gIvE=">AAACAnicbVDJSgNBEK2JWxK3qBfBS2MQ4iXMRNAcg148RjALJEPo6fRk2vQsdPeI4xDw4Ad41U/wpl79EcG7v2FnOWj0QcHjvSqq6jkRZ1KZ5oeRWVhcWl7J5vKra+sbm4Wt7aYMY0Fog4Q8FG0HS8pZQBuKKU7bkaDYdzhtOcOzsd+6pkKyMLhUSURtHw8C5jKClZaaXq9SujnsFYpm2ZwA/SXWjBRru7efubvX03qv8NXthyT2aaAIx1J2LDNSdoqFYoTTUb4bSxphMsQD2tE0wD6Vdjq5doQOtNJHbih0BQpN1J8TKfalTHxHd/pYeXLeG4v/epGXSEbk3HrlVu2UBVGsaECm292YIxWicR6ozwQliieaYCKYfgARDwtMlE4tr5Ox5nP4S5qVsnVcPrrQEVVhiizswT6UwIITqME51KEBBK7gAR7hybg3no0X423amjFmMzvwC8b7NzgvmpU=</latexit>

h2(x)

?

characterizes the amount of overlap in the circuit at location x.


<latexit sha1_base64="WhvLvg20fEBAMIS8UyEoFnUmp4Y="></latexit>

h1(x)h2(x) ⇡
�S1

c

�S2

c
e�t(x)

<latexit sha1_base64="90bpBya7r0JoVHBe8RDEJL3mfrk=">AAACGnicbVDLSgNBEJyN7/iKetTDYBBUMOzG5zGgB48RjAruGmYnHTNkdneY6RXDkovf4Qd41U/wJl69+AX+hpOYgyYWNBRV3RRdoZLCoOt+Ormx8YnJqemZ/Ozc/MJiYWn5wiSp5lDjiUz0VcgMSBFDDQVKuFIaWBRKuAzbxz3/8g60EUl8jh0FQcRuY9EUnKGV6oU1nymlk3sKN5l/AhIZxc37rZ0y1re79ULRLbl90FHiDUiRDFCtF778RsLTCGLkkhlz7bkKg4xpFFxCN++nBhTjbXYL15bGLAITZP0vunTDKg3aTLSdGGlf/X2RsciYThTazYhhywx7PfFfT7U6RnAzFI/NoyATsUoRYv6T3kwlxYT2eqINoYGj7FjCuBb2AcpbTDOOts28bcYb7mGUXJRL3kFp92yvWNkfdDRNVsk62SQeOSQVckqqpEY4eSBP5Jm8OI/Oq/PmvP+s5pzBzQr5A+fjG8ZaoIY=</latexit>

⇡ e�t(x)�2t⇤

<latexit sha1_base64="tO5nr4188n9rJQnIfIPAjZQEf7o=">AAACCHicbVDLSgMxFM3UV1tfVTeCm2AR6qbMVNAui25cVrAPaMuQSTOd0EwmJBlxHAqu/QC3+gniRtz6F4J7f8P0sdDWA/dyOOdebnI8wajStv1pZZaWV1bXsrn8+sbm1nZhZ7epolhi0sARi2TbQ4owyklDU81IW0iCQo+Rlje8GPutGyIVjfi1TgTphWjAqU8x0kbqBq5Tuj0O3IrpbqFol+0J4CJxZqRY27/7yt2/ntfdwne3H+E4JFxjhpTqOLbQvRRJTTEjo3w3VkQgPEQD0jGUo5CoXjp58wgeGaUP/Uia4hpO1N8bKQqVSkLPTIZIB2reG4v/eiJIFMVq7rz2q72UchFrwvH0uh8zqCM4TgX2qSRYs8QQhCU1H4A4QBJhbbLLm2Sc+RwWSbNSdk7LJ1cmoiqYIgsOwCEoAQecgRq4BHXQABgI8AiewLP1YL1Yb9b7dDRjzXb2wB9YHz/zSpyS</latexit>

h1(x)h2(x)On the bulk side,                 controls the non-linear effect in GR. 



From the circuit model, the total number of healthy gates in the 

quantum circuit at location x is a function of  

<latexit sha1_base64="jWQFGrEZc2IzTIrq6y5+1x9XV9E=">AAACCHicbVBLTsMwEJ2UXym/Aks2FhVS2VRJQcCygg3LItGP1EaR4zqNVceJbAcRVb0AB2ALR2CH2HILTsA1cNssoOVJM3p6b0ZjPz/hTGnb/rIKK6tr6xvFzdLW9s7uXnn/oK3iVBLaIjGPZdfHinImaEszzWk3kRRHPqcdf3Qz9TsPVCoWi3udJdSN8FCwgBGsjdQPPaf6eBp6ddO9csWu2TOgZeLkpAI5ml75uz+ISRpRoQnHSvUcO9HuGEvNCKeTUj9VNMFkhIe0Z6jAEVXuePbmCToxygAFsTQlNJqpvzfGOFIqi3wzGWEdqkVvKv7rJWGmGFEL53Vw5Y6ZSFJNBZlfD1KOdIymqaABk5RonhmCiWTmA4iEWGKiTXYlk4yzmMMyaddrzkXt7O680rjOMyrCERxDFRy4hAbcQhNaQCCBZ3iBV+vJerPerY/5aMHKdw7hD6zPH3KTmXU=</latexit>

h1(x)h2(x)

Consider when              , intermediate time and late time regime<latexit sha1_base64="TEwPG8RpRLG34FtGaslJiumwv38=">AAACDXicbVBLSgNBEO3xG+Mnoy7dNAYhuggz/lcS0IXLCOYDyTD0dHqSJj0fumvEYcgZPIBbPYI7cesZPIHXsJPMQhMfFDzeq6KqnhcLrsCyvoyFxaXlldXCWnF9Y3OrZG7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdjv/XApOJReA9pzJyA9EPuc0pAS65Z6t4wAQRD5fHwCtwj1yxbVWsCPE/snJRRjrprfnd7EU0CFgIVRKmObcXgZEQCp4KNit1EsZjQIemzjqYhCZhyssnhI3yglR72I6krBDxRf09kJFAqDTzdGRAYqFlvLP7rxYNUcapm1oN/6WQ8jBNgIZ1u9xOBIcLjaHCPS0ZBpJoQKrl+ANMBkYSCDrCok7Fnc5gnzeOqfV49uTst187yjApoD+2jCrLRBaqhW1RHDURRgp7RC3o1now34934mLYuGPnMLvoD4/MHkkybEg==</latexit>

�t(x) > t⇤

<latexit sha1_base64="UakR5z0W1V25e/ZBDWSVQKdZBE8="></latexit>Z �twL
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✓
1

h1(x)h2(x)

◆

<latexit sha1_base64="t7vst3xtvNj4uY73DoY5CTkFgIM="></latexit>

⇡
(
2t⇤ ��t h1(x)h2(x) < 1

(�t� 2t⇤)e�(�t�2t⇤) h1(x)h2(x) > 1

Implications from quantum circuit picture: the singularity bends

down and post-collision region becomes small at transverse

locations x where                 becomes of order 1.

<latexit sha1_base64="tO5nr4188n9rJQnIfIPAjZQEf7o=">AAACCHicbVDLSgMxFM3UV1tfVTeCm2AR6qbMVNAui25cVrAPaMuQSTOd0EwmJBlxHAqu/QC3+gniRtz6F4J7f8P0sdDWA/dyOOdebnI8wajStv1pZZaWV1bXsrn8+sbm1nZhZ7epolhi0sARi2TbQ4owyklDU81IW0iCQo+Rlje8GPutGyIVjfi1TgTphWjAqU8x0kbqBq5Tuj0O3IrpbqFol+0J4CJxZqRY27/7yt2/ntfdwne3H+E4JFxjhpTqOLbQvRRJTTEjo3w3VkQgPEQD0jGUo5CoXjp58wgeGaUP/Uia4hpO1N8bKQqVSkLPTIZIB2reG4v/eiJIFMVq7rz2q72UchFrwvH0uh8zqCM4TgX2qSRYs8QQhCU1H4A4QBJhbbLLm2Sc+RwWSbNSdk7LJ1cmoiqYIgsOwCEoAQecgRq4BHXQABgI8AiewLP1YL1Yb9b7dDRjzXb2wB9YHz/zSpyS</latexit>

h1(x)h2(x)

It is reasonable because this is when the non-linear effect of GR 

becomes important. 



Spherically symmetric case revisited

<latexit sha1_base64="UUl/BSIUV1ptebNQ8eWBJ82XxpU=">AAACIHicbVDLSsNAFJ3UV62vqEs3Q4vgqiQ+uxEKLnRZpU0LbRom00k7dDIJMxMhhO79Dj/ArX6CO3GpP+BvOH0sauuBC4dz7uVwjx8zKpVlfRm5ldW19Y38ZmFre2d3z9w/cGSUCEwaOGKRaPlIEkY5aSiqGGnFgqDQZ6TpD2/GfvORCEkjXldpTNwQ9TkNKEZKS55ZfPAy5I+cLnK6PryGlU5M4S2sz6meWbLK1gRwmdgzUgIz1Dzzp9OLcBISrjBDUrZtK1ZuhoSimJFRoZNIEiM8RH3S1pSjkEg3m/wygsda6cEgEnq4ghN1/iJDoZRp6OvNEKmBXPTG4r9ePEglxXIhXgUVN6M8ThTheJoeJAyqCI7bgj0qCFYs1QRhQfUDEA+QQFjpTgu6GXuxh2XinJbty/LZ/XmpejHrKA+OQBGcABtcgSq4AzXQABg8gRfwCt6MZ+Pd+DA+p6s5Y3ZzCP7A+P4FwOOikw==</latexit>

RabV
aV b = 8⇡GTabV

aV b
<latexit sha1_base64="azMM58l5I7AB8OhqCWWCHU1Hxhw=">AAACJXicbZDJSgNBEIZ74hbjFvXopTGI8RJmNC4XIeBBjxGyQSaEmk5P0qRnpunuEcIwj+Bz+ABe9RG8ieDJo69hZzlo4g8FP39VUdTnCc6Utu1PK7O0vLK6ll3PbWxube/kd/caKooloXUS8Ui2PFCUs5DWNdOctoSkEHicNr3hzbjffKBSsSis6ZGgnQD6IfMZAW2ibv641k3iOMXX2PUlkMQFLgaQJmVXMHybuj3KNRTjk26+YJfsifCicWamgGaqdvPfbi8icUBDTTgo1XZsoTsJSM0Ip2nOjRUVQIbQp21jQwio6iSTh1J8ZJIe9iNpKtR4kv7eSCBQahR4ZjIAPVDzvXH4b08MRooRNXde+1edhIUi1jQk0+t+zLGO8BgZ7jFJieYjY4BIZh7AZACGljZgc4aMM89h0TROS85F6ey+XKiczxhl0QE6REXkoEtUQXeoiuqIoEf0jF7Qq/VkvVnv1sd0NGPNdvbRH1lfPyc5pXw=</latexit>

Tuu =
↵

4⇡G
�(u)

<latexit sha1_base64="ebuBD7V9ASLc5Y7NJyKwCJsNUBw="></latexit>

✓̇ = � ✓2

D � 2
� �2 + !2 �RabV

aV b + V̇ a
;a

Raychaudhuri equation:

<latexit sha1_base64="VqHQBl7BdBHwSDeNuNCRob2EHvY=">AAACEXicbVDJSgNBEO2JW4xbNEcvjUHwYphxvwiBXDxGMAtkhlDT6WSa9Cx01whDyFf4AV71E7yJV7/AL/A37CwHTXxQ8Hiviqp6fiKFRtv+snIrq2vrG/nNwtb2zu5ecf+gqeNUMd5gsYxV2wfNpYh4AwVK3k4Uh9CXvOUPaxO/9ciVFnH0gFnCvRAGkegLBmikbrHkYsARuja9pac1F2QSQLdYtiv2FHSZOHNSJnPUu8VvtxezNOQRMgladxw7QW8ECgWTfFxwU80TYEMY8I6hEYRce6Pp8WN6bJQe7cfKVIR0qv6eGEGodRb6pjMEDPSiNxH/9ZIg04LphfXYv/FGIkpS5BGbbe+nkmJMJ/HQnlCcocwMAaaEeYCyABQwNCEWTDLOYg7LpHlWca4q5/cX5erlPKM8OSRH5IQ45JpUyR2pkwZhJCPP5IW8Wk/Wm/Vufcxac9Z8pkT+wPr8AYv/nKw=</latexit>

✓0 = �C↵
<latexit sha1_base64="ncvN1wMfxUgFkYCSUoBcUPEr6pM=">AAACInicbZBLSgNBEIZ7fMb4GnXppjEKbgwz8bkUdOEygjGCM4aeTo1p7HnYXSOEIRfwHB7ArR7BnbgS3HsNO8ksNPGHhp+/qrqoL0il0Og4n9bE5NT0zGxprjy/sLi0bK+sXuokUxwaPJGJugqYBiliaKBACVepAhYFEprB3Um/3nwApUUSX2A3BT9it7EIBWdoopa96bUT9LADyDwJ93THCxXj+TC5qfXy051ar2VXnKozEB03bmEqpFC9ZX+bb3kWQYxcMq2vXSdFP2cKBZfQK3uZhpTxO3YL18bGLALt54NrenTLJG0aJsq8GOkg/T2Rs0jrbhSYzohhR4/W+uG/tbTT1YLrkfUYHvm5iNMMIebD7WEmKSa0z4u2hQKOsmsM40qYAyjvMMMIDdWyIeOOchg3l7Wqe1DdPd+rHO8XjEpknWyQbeKSQ3JMzkidNAgnj+SZvJBX68l6s96tj2HrhFXMrJE/sr5+AFGLpJM=</latexit>

✓̇  � ✓2

D � 2

<latexit sha1_base64="qGLVOP5X792H5Jt6BhYEvyssLhc="></latexit>

=) L < �D � 2

✓0
=

D � 2

C↵

<latexit sha1_base64="OMj8DsZEG2irs9yl4hvQ+HjkzIk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UNGXAxsIigvmAJIS9zV6yZm/v2J1TwpH/YGOhiK3/x85/4ya5QhMfDDzem2Fmnh9LYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3fKp4VIoXkeBkrdizWnoS970R9dTv/nItRGRusdxzLshHSgRCEbRSg3spU+3k16x5JbdGcgy8TJSggy1XvGr049YEnKFTFJj2p4bYzelGgWTfFLoJIbHlI3ogLctVTTkppvOrp2QE6v0SRBpWwrJTP09kdLQmHHo286Q4tAselPxP6+dYFDppkLFCXLF5ouCRBKMyPR10heaM5RjSyjTwt5K2JBqytAGVLAheIsvL5PGWdm7LJ/fXZSqlSyOPBzBMZyCB1dQhRuoQR0YPMAzvMKbEzkvzrvzMW/NOdnMIfyB8/kDzlqPQg==</latexit>

twL

<latexit sha1_base64="1LjFIaXrdeTHld4ORqom8QEJTPQ=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRLfy4IbFy5asA9oQ5lMb9qhk0mYmQghFD/ArX6CO3Hrt/gF/obTNgttPXDhcM693HuPH3OmtON8WYWV1bX1jeJmaWt7Z3evvH/QUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74duq3H1EqFokHncbohWQoWMAo0UZq3PfLFafqzGAvEzcnFchR75e/e4OIJiEKTTlRqus6sfYyIjWjHCelXqIwJnRMhtg1VJAQlZfNDp3YJ0YZ2EEkTQltz9TfExkJlUpD33SGRI/UojcV//XiUaoYVQvrdXDjZUzEiUZB59uDhNs6sqdR2AMmkWqeGkKoZOYBm46IJFSbwEomGXcxh2XSOqu6V9XzxkWldplnVIQjOIZTcOEaanAHdWgCBYRneIFX68l6s96tj3lrwcpnDuEPrM8fn/qVww==</latexit>

L

<latexit sha1_base64="JuE0+PqX600JvHaFRQjfPnrNWkQ=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclcT3suDGZQX7gDaUyXTSjJ1MhpmJEEJ3foBb/QR34tYf8Qv8DadtFtp64MLhnHu5955AcqaN6345S8srq2vrpY3y5tb2zm5lb7+lk1QR2iQJT1QnwJpyJmjTMMNpRyqK44DTdjC6mfjtR6o0S8S9yST1YzwULGQEGyu1epjLCPcrVbfmToEWiVeQKhRo9CvfvUFC0pgKQzjWuuu50vg5VoYRTsflXqqpxGSEh7RrqcAx1X4+vXaMjq0yQGGibAmDpurviRzHWmdxYDtjbCI9703Efz0ZZZoRPbfehNd+zoRMDRVktj1MOTIJmuSBBkxRYnhmCSaK2QcQibDCxNjUyjYZbz6HRdI6rXmXtbO782r9osioBIdwBCfgwRXU4RYa0AQCD/AML/DqPDlvzrvzMWtdcoqZA/gD5/MHtCmYCw==</latexit>↵

<latexit sha1_base64="xln1FZEU5rIRu9JXUTV/3cthLcE=">AAAB/XicbVDJSgNBEK2JW4xb1KOXxiB4CjPux4AXjwmYBZIh9HRqkiY9PUN3jzAMwQ/wqp/gTbz6LX6Bv2FnOWj0QcHjvSqq6gWJ4Nq47qdTWFldW98obpa2tnd298r7By0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG+nfvsBleaxvDdZgn5Eh5KHnFFjpUarX664VXcG8pd4C1KBBer98ldvELM0QmmYoFp3PTcxfk6V4UzgpNRLNSaUjekQu5ZKGqH289mhE3JilQEJY2VLGjJTf07kNNI6iwLbGVEz0sveVPzXS0aZ5kwvrTfhjZ9zmaQGJZtvD1NBTEymUZABV8iMyCyhTHH7AGEjqigzNrCSTcZbzuEvaZ1VvavqeeOiUrtcZFSEIziGU/DgGmpwB3VoAgOEJ3iGF+fReXXenPd5a8FZzBzCLzgf36/0lc0=</latexit>

V

<latexit sha1_base64="s2RmamT5j43LutkEkzzvhP3pOXo="></latexit>

↵1↵2 =
�S1�S2

S2
e�t

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>

tL = 0
<latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit>

tL = �t⇤
<latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</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>

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>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</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>

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>

<latexit sha1_base64="arnrd05erEimV8lT7ZcaiyQZgW4=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8ePAQ0TwgWcLsZDYZMjs7zMwKy5KDH+BVP8GbePVT/AJ/w0myB00saCiquunuCiRn2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC0fXEbz1SpVksHkwqqR/hgWAhI9hY6f625/XKFbfqToEWiZeTCuSo98rf3X5MkogKQzjWuuO50vgZVoYRTselbqKpxGSEB7RjqcAR1X42PXWMjqzSR2GsbAmDpurviQxHWqdRYDsjbIZ63puI/3pymGpG9Nx6E175GRMyMVSQ2fYw4cjEaBIG6jNFieGpJZgoZh9AZIgVJsZGVrLJePM5LJLmSdW7qJ7enVVq53lGRTiAQzgGDy6hBjdQhwYQGMAzvMCr8+S8Oe/Ox6y14OQz+/AHzucP0QSWZw==</latexit>

L1
<latexit sha1_base64="DEkQi9FgcdngSxCeFol9ok4YlOA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8ePAQ0TwgWcLsZDYZMjs7zMwKy5KDH+BVP8GbePVT/AJ/w0myB00saCiquunuCiRn2rjul7O0vLK6tl7YKG5ube/slvb2mzpOFKENEvNYtQOsKWeCNgwznLalojgKOG0Fo+uJ33qkSrNYPJhUUj/CA8FCRrCx0v1tr9orld2KOwVaJF5OypCj3it9d/sxSSIqDOFY647nSuNnWBlGOB0Xu4mmEpMRHtCOpQJHVPvZ9NQxOrZKH4WxsiUMmqq/JzIcaZ1Gge2MsBnqeW8i/uvJYaoZ0XPrTXjlZ0zIxFBBZtvDhCMTo0kYqM8UJYanlmCimH0AkSFWmBgbWdEm483nsEia1Yp3UTm9OyvXzvOMCnAIR3ACHlxCDW6gDg0gMIBneIFX58l5c96dj1nrkpPPHMAfOJ8/0p2WaA==</latexit>

L2

<latexit sha1_base64="+/VkQLZcYOviAIzdCUe1DbkGD8s=">AAACBHicbVDLSsNAFJ3UV62vqks3g0VwVRLfy4IblxXsA9pQbqaTZuhkMsxMhBC69QPc6ie4E7f+h1/gbzhts9DWAxcO59zLvfcEkjNtXPfLKa2srq1vlDcrW9s7u3vV/YO2TlJFaIskPFHdADTlTNCWYYbTrlQU4oDTTjC+nfqdR6o0S8SDyST1YxgJFjICxkrdPnAZwcAbVGtu3Z0BLxOvIDVUoDmofveHCUljKgzhoHXPc6Xxc1CGEU4nlX6qqQQyhhHtWSogptrPZ/dO8IlVhjhMlC1h8Ez9PZFDrHUWB7YzBhPpRW8q/uvJKNOM6IX1JrzxcyZkaqgg8+1hyrFJ8DQRPGSKEsMzS4AoZh/AJAIFxNjcKjYZbzGHZdI+q3tX9fP7i1rjssiojI7QMTpFHrpGDXSHmqiFCOLoGb2gV+fJeXPenY95a8kpZg7RHzifP+lzmK8=</latexit>↵1

<latexit sha1_base64="otsk0bt4oEDQngYgjMzsEkmGgLI=">AAACBHicbVDLSsNAFL3xWeur6tLNYBFclaQ+lwU3LivYB7ShTKaTZuhkMsxMhBC69QPc6ie4E7f+h1/gbzhts9DWAxcO59zLvfcEkjNtXPfLWVldW9/YLG2Vt3d29/YrB4dtnaSK0BZJeKK6AdaUM0FbhhlOu1JRHAecdoLx7dTvPFKlWSIeTCapH+ORYCEj2Fip28dcRnhQH1Sqbs2dAS0TryBVKNAcVL77w4SkMRWGcKx1z3Ol8XOsDCOcTsr9VFOJyRiPaM9SgWOq/Xx27wSdWmWIwkTZEgbN1N8TOY61zuLAdsbYRHrRm4r/ejLKNCN6Yb0Jb/ycCZkaKsh8e5hyZBI0TQQNmaLE8MwSTBSzDyASYYWJsbmVbTLeYg7LpF2veVe18/uLauOyyKgEx3ACZ+DBNTTgDprQAgIcnuEFXp0n5815dz7mrStOMXMEf+B8/gDrDJiw</latexit>↵2

<latexit sha1_base64="CG2h1kVcquRv3/cJhw4Lk5ZIhPM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpAsYXbSSYbMzi4zs8Ky5OAHeNVP8CZe/RS/wN9wkuxBowUNRVU33V1BLLg2rvvpFJaWV1bXiuuljc2t7Z3y7l5TR4li2GCRiFQ7oBoFl9gw3AhsxwppGAhsBePrqd96QKV5JO9NGqMf0qHkA86osdJds+f1yhW36s5A/hIvJxXIUe+Vv7r9iCUhSsME1brjubHxM6oMZwInpW6iMaZsTIfYsVTSELWfzU6dkCOr9MkgUrakITP150RGQ63TMLCdITUjvehNxX+9eJRqzvTCejO48jMu48SgZPPtg0QQE5FpGKTPFTIjUksoU9w+QNiIKsqMjaxkk/EWc/hLmidV76J6entWqZ3nGRXhAA7hGDy4hBrcQB0awGAIT/AML86j8+q8Oe/z1oKTz+zDLzgf3+ESlnE=</latexit>

V1
<latexit sha1_base64="gLEVB8Hmha6ybZwCDgs9sLe/ODY=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKezG5zHgxWNE84BkCbOT2WTI7MwyMyssSw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsriDnTxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjm6nffqRKMykeTBpTP8JDwUJGsLHSfatf65crbtWdAS0TLycVyNHol797A0mSiApDONa667mx8TOsDCOcTkq9RNMYkzEe0q6lAkdU+9ns1Ak6scoAhVLZEgbN1N8TGY60TqPAdkbYjPSiNxX/9eJRqhnRC+tNeO1nTMSJoYLMt4cJR0aiaRhowBQlhqeWYKKYfQCREVaYGBtZySbjLeawTFq1qndZPbs7r9Qv8oyKcATHcAoeXEEdbqEBTSAwhGd4gVfnyXlz3p2PeWvByWcO4Q+czx/iq5Zy</latexit>

V2

<latexit sha1_base64="vEqd/yLNjOVgiPGkDu5hB/dC/7w=">AAACD3icbVDLSsNAFJ34rPWV6tLNYBHcWJL63AgFNy4r2LTQhjCZTNqhk5kwM1FC6Uf4AW71E9yJWz/BL/A3nLZZaOuBC4dz7uXee8KUUaUd58taWl5ZXVsvbZQ3t7Z3du3KnqdEJjFpYcGE7IRIEUY5aWmqGemkkqAkZKQdDm8mfvuBSEUFv9d5SvwE9TmNKUbaSIFd8QK3hyOhoRfU4TU8cQO76tScKeAicQtSBQWagf3diwTOEsI1Zkipruuk2h8hqSlmZFzuZYqkCA9Rn3QN5Sghyh9NTx/DI6NEMBbSFNdwqv6eGKFEqTwJTWeC9EDNexPxXy8d5IpiNbdex1f+iPI004Tj2fY4Y1ALOAkHRlQSrFluCMKSmgcgHiCJsDYRlk0y7nwOi8Sr19yL2undWbVxXmRUAgfgEBwDF1yCBrgFTdACGDyCZ/ACXq0n6816tz5mrUtWMbMP/sD6/AHLF5sW</latexit>

V1 · V2 = �1
<latexit sha1_base64="2skuf4f1d7Am1X4WMxR2rCltou4=">AAACIXicbVBLTsMwFHTKr5RfgSUbiwqJVZWE74JFJTYsuigS/UhNiBzXaa06iWU7SFGUA3AODsAWjsAOsUMcgGvgtllAy0iWRzPz9PTG54xKZZqfRmlpeWV1rbxe2djc2t6p7u51ZJwITNo4ZrHo+UgSRiPSVlQx0uOCoNBnpOuPryd+94EISePoTqWcuCEaRjSgGCktedVa07Oann3lBALhjN3beeYgxkfIs4rfznXKrJtTwEViFaQGCrS86rcziHESkkhhhqTsWyZXboaEopiRvOIkknCEx2hI+ppGKCTSzabH5PBIKwMYxEK/SMGp+nsiQ6GUaejrZIjUSM57E/Ffj49SSbGcW6+CSzejEU8UifBse5AwqGI4qQsOqCBYsVQThAXVB0A8QrorpUut6Gas+R4WSceuW+f1k9vTWuOs6KgMDsAhOAYWuAANcANaoA0weATP4AW8Gk/Gm/FufMyiJaOY2Qd/YHz9AL7co7o=</latexit>

L1L2 <
l2

↵1↵2



<latexit sha1_base64="OMj8DsZEG2irs9yl4hvQ+HjkzIk=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UNGXAxsIigvmAJIS9zV6yZm/v2J1TwpH/YGOhiK3/x85/4ya5QhMfDDzem2Fmnh9LYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3fKp4VIoXkeBkrdizWnoS970R9dTv/nItRGRusdxzLshHSgRCEbRSg3spU+3k16x5JbdGcgy8TJSggy1XvGr049YEnKFTFJj2p4bYzelGgWTfFLoJIbHlI3ogLctVTTkppvOrp2QE6v0SRBpWwrJTP09kdLQmHHo286Q4tAselPxP6+dYFDppkLFCXLF5ouCRBKMyPR10heaM5RjSyjTwt5K2JBqytAGVLAheIsvL5PGWdm7LJ/fXZSqlSyOPBzBMZyCB1dQhRuoQR0YPMAzvMKbEzkvzrvzMW/NOdnMIfyB8/kDzlqPQg==</latexit>

twL

<latexit sha1_base64="nTuS7aJf+ygRG1w0J78cbNX1cZY=">AAACAHicbVDLSsNAFL3xWeur6tLNYBHqpiS+lwU3LivYB7ShTKaTZuhkEmYmYgjd+AFu9RPciVv/xC/wN5y0WWjrgQuHc+7l3nu8mDOlbfvLWlpeWV1bL22UN7e2d3Yre/ttFSWS0BaJeCS7HlaUM0FbmmlOu7GkOPQ47Xjjm9zvPFCpWCTudRpTN8QjwXxGsM6loPZ4MqhU7bo9BVokTkGqUKA5qHz3hxFJQio04VipnmPH2s2w1IxwOin3E0VjTMZ4RHuGChxS5WbTWyfo2ChD5EfSlNBoqv6eyHCoVBp6pjPEOlDzXi7+68VBqhhRc+u1f+1mTMSJpoLMtvsJRzpCeRpoyCQlmqeGYCKZeQCRAEtMtMmsbJJx5nNYJO3TunNZP7s7rzYuioxKcAhHUAMHrqABt9CEFhAI4Ble4NV6st6sd+tj1rpkFTMH8AfW5w9+5pbG</latexit>

h(x)

<latexit sha1_base64="1LjFIaXrdeTHld4ORqom8QEJTPQ=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRLfy4IbFy5asA9oQ5lMb9qhk0mYmQghFD/ArX6CO3Hrt/gF/obTNgttPXDhcM693HuPH3OmtON8WYWV1bX1jeJmaWt7Z3evvH/QUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74duq3H1EqFokHncbohWQoWMAo0UZq3PfLFafqzGAvEzcnFchR75e/e4OIJiEKTTlRqus6sfYyIjWjHCelXqIwJnRMhtg1VJAQlZfNDp3YJ0YZ2EEkTQltz9TfExkJlUpD33SGRI/UojcV//XiUaoYVQvrdXDjZUzEiUZB59uDhNs6sqdR2AMmkWqeGkKoZOYBm46IJFSbwEomGXcxh2XSOqu6V9XzxkWldplnVIQjOIZTcOEaanAHdWgCBYRneIFX68l6s96tj3lrwcpnDuEPrM8fn/qVww==</latexit>

LAgain consider a family of radial null lines. 

Jump of expansion across localized shockwave

<latexit sha1_base64="+C/EhuN2TUybVbztgR4kOCtg0cI=">AAACIHicbZBLSgNBEIZ7fMb4GnXppjEIcRNmfIMbwY1LBZMISQw1nY5p7JlpumvEYcjec3gAt3oEd+JSL+A17CSz0MQfGn7+quqivkBJYdDzPp2p6ZnZufnCQnFxaXll1V1br5k40YxXWSxjfR2A4VJEvIoCJb9WmkMYSF4P7s4G9fo910bE0RWmirdCuI1EVzBAG7XdrWYnRlq7gXZ2Av2m0rHCmPbKDzvNDpcI5WSn7Za8ijcUnTR+bkok10Xb/bafsiTkETIJxjR8T2ErA42CSd4vNhPDFbA7uOUNayMIuWllw1v6dNsmHdqNtX0R0mH6eyKD0Jg0DGxnCNgz47VB+G9N9VIjmBlbj93jViYilSCP2Gh7N5HUMhjQoh2hOUOZWgNMC3sAZT3QwNAyLVoy/jiHSVPbrfiHlb3L/dLpQc6oQDbJFikTnxyRU3JOLkiVMPJInskLeXWenDfn3fkYtU45+cwG+SPn6wfbn6M6</latexit>

V̇ a
;a / h(x)�(u)

<latexit sha1_base64="ebuBD7V9ASLc5Y7NJyKwCJsNUBw="></latexit>

✓̇ = � ✓2

D � 2
� �2 + !2 �RabV

aV b + V̇ a
;a

<latexit sha1_base64="7rrLNWjVyC/6TBpA48yXpJS3s9Q=">AAACE3icbZBLTsMwEIYdnqW8AogVG4sKqWyqhPeyUjcsWBSJPqQmqhzXaaw6TrAdRBTlGByALRyBHWLLATgB18Bts4CWX7L0658ZzfjzYkalsqwvY2FxaXlltbRWXt/Y3No2d3bbMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vFGjXG980CEpBG/U2lM3BANOfUpRkpHfXP/xmHk3vEFwpmdZw0YVB+P875ZsWrWRHDe2IWpgELNvvntDCKchIQrzJCUPduKlZshoShmJC87iSQxwiM0JD1tOQqJdLPJ+Tk80skA+pHQjys4SX9PZCiUMg093RkiFcjZ2jj8txYHqaRYzqxX/pWbUR4ninA83e4nDKoIjgHBARUEK5Zqg7Cg+gMQB0jzURpjWZOxZznMm/ZJzb6ond6eVernBaMSOACHoApscAnq4Bo0QQtgkIFn8AJejSfjzXg3PqatC0Yxswf+yPj8AfZ3ngc=</latexit>

L  1

Ch(x)

With localized source at      , the stress energy tensor vanishes for

   away from      . 

<latexit sha1_base64="G3s9pILsssYNv4dXAuya3m2Tupo=">AAACAnicbVC7TsNAEFyHVwivACXNiQiJKrJ5l5FoKCiCRB5SYkXnyzk5cj5bd2fAstzxAbTwCXSIlh/hC/gNLokLSBhppdHMrnZ3vIgzpW37yyosLC4trxRXS2vrG5tb5e2dpgpjSWiDhDyUbQ8rypmgDc00p+1IUhx4nLa80eXYb91TqVgobnUSUTfAA8F8RrA2UvOxlz5cZ71yxa7aE6B54uSkAjnqvfJ3tx+SOKBCE46V6jh2pN0US80Ip1mpGysaYTLCA9oxVOCAKjedXJuhA6P0kR9KU0Kjifp7IsWBUkngmc4A66Ga9cbiv140TBQjama99i/clIko1lSQ6XY/5kiHaJwH6jNJieaJIZhIZh5AZIglJtqkVjLJOLM5zJPmUdU5qx7fnFRqp3lGRdiDfTgEB86hBldQhwYQuINneIFX68l6s96tj2lrwcpnduEPrM8fAYuYOw==</latexit>xwL

<latexit sha1_base64="SfwMXiG9/m+RRgEpkNWu9zR4ggQ=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRLfy4Ibly3YB7ShTKY37dDJJMxMxBCKH+BWP8GduPVb/AJ/w2mbhbYeuHA4517uvcePOVPacb6swsrq2vpGcbO0tb2zu1feP2ipKJEUmzTikez4RCFnApuaaY6dWCIJfY5tf3w79dsPKBWLxL1OY/RCMhQsYJRoIzUe++WKU3VmsJeJm5MK5Kj3y9+9QUSTEIWmnCjVdZ1YexmRmlGOk1IvURgTOiZD7BoqSIjKy2aHTuwTowzsIJKmhLZn6u+JjIRKpaFvOkOiR2rRm4r/evEoVYyqhfU6uPEyJuJEo6Dz7UHCbR3Z0yjsAZNINU8NIVQy84BNR0QSqk1gJZOMu5jDMmmdVd2r6nnjolK7zDMqwhEcwym4cA01uIM6NIECwjO8wKv1ZL1Z79bHvLVg5TOH8AfW5w/mRpXv</latexit>x
<latexit sha1_base64="G3s9pILsssYNv4dXAuya3m2Tupo=">AAACAnicbVC7TsNAEFyHVwivACXNiQiJKrJ5l5FoKCiCRB5SYkXnyzk5cj5bd2fAstzxAbTwCXSIlh/hC/gNLokLSBhppdHMrnZ3vIgzpW37yyosLC4trxRXS2vrG5tb5e2dpgpjSWiDhDyUbQ8rypmgDc00p+1IUhx4nLa80eXYb91TqVgobnUSUTfAA8F8RrA2UvOxlz5cZ71yxa7aE6B54uSkAjnqvfJ3tx+SOKBCE46V6jh2pN0US80Ip1mpGysaYTLCA9oxVOCAKjedXJuhA6P0kR9KU0Kjifp7IsWBUkngmc4A66Ga9cbiv140TBQjama99i/clIko1lSQ6XY/5kiHaJwH6jNJieaJIZhIZh5AZIglJtqkVjLJOLM5zJPmUdU5qx7fnFRqp3lGRdiDfTgEB86hBldQhwYQuINneIFX68l6s96tj2lrwcpnduEPrM8fAYuYOw==</latexit>xwL

Radial null lines are no longer geodesics. 

<latexit sha1_base64="xln1FZEU5rIRu9JXUTV/3cthLcE=">AAAB/XicbVDJSgNBEK2JW4xb1KOXxiB4CjPux4AXjwmYBZIh9HRqkiY9PUN3jzAMwQ/wqp/gTbz6LX6Bv2FnOWj0QcHjvSqq6gWJ4Nq47qdTWFldW98obpa2tnd298r7By0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG+nfvsBleaxvDdZgn5Eh5KHnFFjpUarX664VXcG8pd4C1KBBer98ldvELM0QmmYoFp3PTcxfk6V4UzgpNRLNSaUjekQu5ZKGqH289mhE3JilQEJY2VLGjJTf07kNNI6iwLbGVEz0sveVPzXS0aZ5kwvrTfhjZ9zmaQGJZtvD1NBTEymUZABV8iMyCyhTHH7AGEjqigzNrCSTcZbzuEvaZ1VvavqeeOiUrtcZFSEIziGU/DgGmpwB3VoAgOEJ3iGF+fReXXenPd5a8FZzBzCLzgf36/0lc0=</latexit>

V



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>

tL = 0
<latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit><latexit sha1_base64="LhqwP0anrykjHPhAdnl3qeFyzTU=">AAACDHicbZDLSgMxFIbP1Futt6pLN8EiuCoZEXQjFNy4cFHBXqAdSiZN29DMheSMMAx9BcGtvoY7ces7+BY+gmk7C9t6IPDx/+fAn9+PlTRI6bdTWFvf2Nwqbpd2dvf2D8qHR00TJZqLBo9UpNs+M0LJUDRQohLtWAsW+Eq0/PHt1G89CW1kFD5iGgsvYMNQDiRnaKUW9u7JDaG9coVW6WzIKrg5VCCfeq/80+1HPAlEiFwxYzoujdHLmEbJlZiUuokRMeNjNhQdiyELhPGyWdwJObNKnwwibV+IZKb+vchYYEwa+HYzYDgyy95U/NeLR6mR3Fgvp8UcOLj2MhnGCYqQz2MMEkUwItNmSF9qwVGlFhjX0v6E8BHTjKPtr2QrcpcLWYXmRdWlVffhslKjeVlFOIFTOAcXrqAGd1CHBnAYwwu8wpvz7Lw7H87nfLXg5DfHsDDO1y9QI5rw</latexit>

tL = �t⇤
<latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</latexit><latexit sha1_base64="+0hc52i9RGP657vOX4r/1hA2WFc=">AAACD3icbZDNSgMxFIXv+FvrX9Wlm2ARRLDMiKAboeDGhYsK9gfbYcikaRuayQzJHaGUPoTgVl/Dnbj1EXwLH8G0nYVtvRD4OOdeODlhIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGSA2XQvEqCpS8kWhOo1Dyeti/Gfv1J66NiNUDDhLuR7SrREcwilZ6xOCOXJMzDE6DQtEtuZMhi+BlUIRsKkHhp9WOWRpxhUxSY5qem6A/pBoFk3yUb6WGJ5T1aZc3LSoaceMPJ4lH5NgqbdKJtX0KyUT9ezGkkTGDKLSbEcWemffG4r9e0hsYwYz1MprNgZ0rfyhUkiJXbBqjk0qCMRmXQ9pCc4ZyYIEyLexPCOtRTRnaCvO2Im++kEWonZc8t+TdXxTLblZWDg7hCE7Ag0sowy1UoAoMFLzAK7w5z8678+F8TleXnOzmAGbG+foFXkecCA==</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>

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>

twL
<latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit><latexit sha1_base64="4Xn8JLAY6W6nrv13mFkxkXUMVco=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LhwUcH+QFvKZDppx04mYeZGCaGPILjV13Anbn0I38JHcNpmYVsvDHyccy+cOX4shUHX/XZWVtfWNzYLW8Xtnd29/dLBYcNEiWa8ziIZ6ZZPDZdC8ToKlLwVa05DX/KmP7qe+M1Hro2I1D2mMe+GdKBEIBhFKzWwlz3djnulsltxp0OWwcuhDPnUeqWfTj9iScgVMkmNaXtujN2MahRM8nGxkxgeUzaiA962qGjITTebph2TU6v0SRBp+xSSqfr3IqOhMWno282Q4tAsehPxXy8epkYwY72c5nNgcNXNhIoT5IrNYgSJJBiRSTGkLzRnKFMLlGlhf0LYkGrK0NZXtBV5i4UsQ+O84rkV7+6iXHXzsgpwDCdwBh5cQhVuoAZ1YPAAL/AKb86z8+58OJ+z1RUnvzmCuXG+fgFnmJuo</latexit>

twR
<latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</latexit><latexit sha1_base64="R1PfksFwt/0z/PjCL9PAvZFxuGA=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBF0W3LisYn+gLWUynbRjJ5Mwc6OE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F84cP5bCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU/85iPXRkTqHtOYd0M6UCIQjKKVGtjLnu7GvVLZrbjTIcvg5VCGfGq90k+nH7Ek5AqZpMa0PTfGbkY1Cib5uNhJDI8pG9EBb1tUNOSmm03TjsmpVfokiLR9CslU/XuR0dCYNPTtZkhxaBa9ifivFw9TI5ixXk7zOTC46mZCxQlyxWYxgkQSjMikGNIXmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3e1GuunlZBTiGEzgDDy6hCjdQgzoweIAXeIU359l5dz6cz9nqipPfHMHcOF+/cWqbrg==</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>

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>

<latexit sha1_base64="f+tFRwN4dY6/ldeWji1v2fsP9w8=">AAACAnicbVDLSsNAFL2pr7a+qm4EN8Ei1E1JFLTLohuXFewD2lAm00kzdjIJMxMxhoILP8CtfoI7deuPCO79DaePhbYeuHA4517uvceNGJXKsj6NzMLi0vJKNpdfXVvf2CxsbTdkGAtM6jhkoWi5SBJGOakrqhhpRYKgwGWk6Q7OR37zhghJQ36lkog4Aepz6lGMlJYaftcu3R52C0WrbI1hzhN7SorV3buv3P3bWa1b+O70QhwHhCvMkJRt24qUkyKhKGZkmO/EkkQID1CftDXlKCDSScfXDs0DrfRMLxS6uDLH6u+JFAVSJoGrOwOkfDnrjcR/vchPJMVyZr3yKk5KeRQrwvFkuxczU4XmKA+zRwXBiiWaICyofsDEPhIIK51aXidjz+YwTxpHZfukfHypI6rABFnYg30ogQ2nUIULqEEdMFzDIzzBs/FgvBivxvukNWNMZ3bgD4yPHzaTmpQ=</latexit>

h1(x)

<latexit sha1_base64="8ulDrpEtA4WSi11+B4TKCI3gIvE=">AAACAnicbVDJSgNBEK2JWxK3qBfBS2MQ4iXMRNAcg148RjALJEPo6fRk2vQsdPeI4xDw4Ad41U/wpl79EcG7v2FnOWj0QcHjvSqq6jkRZ1KZ5oeRWVhcWl7J5vKra+sbm4Wt7aYMY0Fog4Q8FG0HS8pZQBuKKU7bkaDYdzhtOcOzsd+6pkKyMLhUSURtHw8C5jKClZaaXq9SujnsFYpm2ZwA/SXWjBRru7efubvX03qv8NXthyT2aaAIx1J2LDNSdoqFYoTTUb4bSxphMsQD2tE0wD6Vdjq5doQOtNJHbih0BQpN1J8TKfalTHxHd/pYeXLeG4v/epGXSEbk3HrlVu2UBVGsaECm292YIxWicR6ozwQliieaYCKYfgARDwtMlE4tr5Ox5nP4S5qVsnVcPrrQEVVhiizswT6UwIITqME51KEBBK7gAR7hybg3no0X423amjFmMzvwC8b7NzgvmpU=</latexit>

h2(x)

?
<latexit sha1_base64="arnrd05erEimV8lT7ZcaiyQZgW4=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8ePAQ0TwgWcLsZDYZMjs7zMwKy5KDH+BVP8GbePVT/AJ/w0myB00saCiquunuCiRn2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC0fXEbz1SpVksHkwqqR/hgWAhI9hY6f625/XKFbfqToEWiZeTCuSo98rf3X5MkogKQzjWuuO50vgZVoYRTselbqKpxGSEB7RjqcAR1X42PXWMjqzSR2GsbAmDpurviQxHWqdRYDsjbIZ63puI/3pymGpG9Nx6E175GRMyMVSQ2fYw4cjEaBIG6jNFieGpJZgoZh9AZIgVJsZGVrLJePM5LJLmSdW7qJ7enVVq53lGRTiAQzgGDy6hBjdQhwYQGMAzvMCr8+S8Oe/Ox6y14OQz+/AHzucP0QSWZw==</latexit>

L1 <latexit sha1_base64="DEkQi9FgcdngSxCeFol9ok4YlOA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8ePAQ0TwgWcLsZDYZMjs7zMwKy5KDH+BVP8GbePVT/AJ/w0myB00saCiquunuCiRn2rjul7O0vLK6tl7YKG5ube/slvb2mzpOFKENEvNYtQOsKWeCNgwznLalojgKOG0Fo+uJ33qkSrNYPJhUUj/CA8FCRrCx0v1tr9orld2KOwVaJF5OypCj3it9d/sxSSIqDOFY647nSuNnWBlGOB0Xu4mmEpMRHtCOpQJHVPvZ9NQxOrZKH4WxsiUMmqq/JzIcaZ1Gge2MsBnqeW8i/uvJYaoZ0XPrTXjlZ0zIxFBBZtvDhCMTo0kYqM8UJYanlmCimH0AkSFWmBgbWdEm483nsEia1Yp3UTm9OyvXzvOMCnAIR3ACHlxCDW6gDg0gMIBneIFX58l5c96dj1nrkpPPHMAfOJ8/0p2WaA==</latexit>

L2

<latexit sha1_base64="Bm6PC1Jq6wgUOiPlpFB+t5dVutM=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBCiYNiNz6OgB48KRgMmLrOTTnbI7O4w0ysJS37B7/ADvOoneBPx5s3fcBJz0GhBN0VVN01XoKQw6LrvzsTk1PTMbG4uP7+wuLRcWFm9MkmqOVR5IhNdC5gBKWKookAJNaWBRYGE66BzMvCv70AbkcSX2FPQiFg7Fi3BGVrJL5RC3yt1t0K/YnudKaWTLoXbrH4KEhlFq+5U0N/u+4WiW3aHoH+JNyJFMsK5X/isNxOeRhAjl8yYG89V2MiYRsEl9PP11IBivMPacGNpzCIwjWz4UZ9uWqVJW4m2FSMdqj83MhYZ04sCOxkxDM24NxD/9VTYM4KbsfPYOmpkIlYpQsy/r7dSSTGhg8xoU2jgKHuWMK6FfYDykGnG0Sabt8l44zn8JVeVsndQ3r3YKx7vjzLKkXWyQUrEI4fkmJyRc1IlnNyTR/JEnp0H58V5dd6+Ryec0c4a+QXn4wuZ5KSB</latexit>

h1(x)h2(x) ⇡ e�t(x)�2t⇤

<latexit sha1_base64="kwXGBZSTIoXDMtKNwPNRfsg99Kk=">AAACIHicbZC7TsMwFIadcivlFmBkiVohlaVKwnWsxMLQoUj0IjUhclynsepcsB1EFGXnOXgAVngENsQIL8Br4LYZoOVItn79/zk6Op8bU8KFrn8qpaXlldW18nplY3Nre0fd3evyKGEId1BEI9Z3IceUhLgjiKC4HzMMA5finju+nOS9e8w4icIbkcbYDuAoJB5BUEjLUastx2g5pkXxneUxiDJ6a+aZ7xj1hyPfMeWfO2pNb+jT0haFUYgaKKrtqN/WMEJJgEOBKOR8YOixsDPIBEEU5xUr4TiGaAxHeCBlCAPM7Wx6S64dSmeoeRGTLxTa1P09kcGA8zRwZWcAhc/ns4n5bxb7KSeIz60X3oWdkTBOBA7RbLuXUE1E2oSWNiQMI0FTKSBiRB6gIR9KTkIyrUgyxjyHRdE1G8ZZ4/j6pNY8LRiVwQGogjowwDlogivQBh2AwCN4Bi/gVXlS3pR35WPWWlKKmX3wp5SvH/P3orA=</latexit>

L1L2  l2

h1(x)h2(x)

<latexit sha1_base64="vEqd/yLNjOVgiPGkDu5hB/dC/7w=">AAACD3icbVDLSsNAFJ34rPWV6tLNYBHcWJL63AgFNy4r2LTQhjCZTNqhk5kwM1FC6Uf4AW71E9yJWz/BL/A3nLZZaOuBC4dz7uXee8KUUaUd58taWl5ZXVsvbZQ3t7Z3du3KnqdEJjFpYcGE7IRIEUY5aWmqGemkkqAkZKQdDm8mfvuBSEUFv9d5SvwE9TmNKUbaSIFd8QK3hyOhoRfU4TU8cQO76tScKeAicQtSBQWagf3diwTOEsI1Zkipruuk2h8hqSlmZFzuZYqkCA9Rn3QN5Sghyh9NTx/DI6NEMBbSFNdwqv6eGKFEqTwJTWeC9EDNexPxXy8d5IpiNbdex1f+iPI004Tj2fY4Y1ALOAkHRlQSrFluCMKSmgcgHiCJsDYRlk0y7nwOi8Sr19yL2undWbVxXmRUAgfgEBwDF1yCBrgFTdACGDyCZ/ACXq0n6816tz5mrUtWMbMP/sD6/AHLF5sW</latexit>

V1 · V2 = �1

Naive estimate: 

<latexit sha1_base64="arnrd05erEimV8lT7ZcaiyQZgW4=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8ePAQ0TwgWcLsZDYZMjs7zMwKy5KDH+BVP8GbePVT/AJ/w0myB00saCiquunuCiRn2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC0fXEbz1SpVksHkwqqR/hgWAhI9hY6f625/XKFbfqToEWiZeTCuSo98rf3X5MkogKQzjWuuO50vgZVoYRTselbqKpxGSEB7RjqcAR1X42PXWMjqzSR2GsbAmDpurviQxHWqdRYDsjbIZ63puI/3pymGpG9Nx6E175GRMyMVSQ2fYw4cjEaBIG6jNFieGpJZgoZh9AZIgVJsZGVrLJePM5LJLmSdW7qJ7enVVq53lGRTiAQzgGDy6hBjdQhwYQGMAzvMCr8+S8Oe/Ox6y14OQz+/AHzucP0QSWZw==</latexit>

L1 <latexit sha1_base64="DEkQi9FgcdngSxCeFol9ok4YlOA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hd34PAa8ePAQ0TwgWcLsZDYZMjs7zMwKy5KDH+BVP8GbePVT/AJ/w0myB00saCiquunuCiRn2rjul7O0vLK6tl7YKG5ube/slvb2mzpOFKENEvNYtQOsKWeCNgwznLalojgKOG0Fo+uJ33qkSrNYPJhUUj/CA8FCRrCx0v1tr9orld2KOwVaJF5OypCj3it9d/sxSSIqDOFY647nSuNnWBlGOB0Xu4mmEpMRHtCOpQJHVPvZ9NQxOrZKH4WxsiUMmqq/JzIcaZ1Gge2MsBnqeW8i/uvJYaoZ0XPrTXjlZ0zIxFBBZtvDhCMTo0kYqM8UJYanlmCimH0AkSFWmBgbWdEm483nsEia1Yp3UTm9OyvXzvOMCnAIR3ACHlxCDW6gDg0gMIBneIFX58l5c96dj1nrkpPPHMAfOJ8/0p2WaA==</latexit>

L2

<latexit sha1_base64="jTnplGJlK4+ZfTQG9bmIbw9qCN4=">AAACCHicbVBLTsMwEHXKr5RfgSWbiAqJVZWU77KIDcsi6EdqospxnNaq41j2BFFFvQAHYAtHYIfYcgtOwDVw2yyg5UkjPb03o5l5geRMg+N8WYWl5ZXVteJ6aWNza3unvLvX0kmqCG2ShCeqE2BNORO0CQw47UhFcRxw2g6G1xO//UCVZom4h5Gkfoz7gkWMYDCS5wF9hOwqvBv3ar1yxak6U9iLxM1JBeVo9MrfXpiQNKYCCMdad11Hgp9hBYxwOi55qaYSkyHu066hAsdU+9n05rF9ZJTQjhJlSoA9VX9PZDjWehQHpjPGMNDz3kT815ODkWZEz62H6NLPmJApUEFm26OU25DYk1TskClKgI8MwUQx84BNBlhhAia7kknGnc9hkbRqVfe8enJ7Wqmf5RkV0QE6RMfIRReojm5QAzURQRI9oxf0aj1Zb9a79TFrLVj5zD76A+vzB0AGmoc=</latexit>

AdS2
<latexit sha1_base64="Mk/zdz/f5SnL7Gi3LjPZL0HM5Ns=">AAACIHicbZDLSsNAFIYn9VbrLerSzdAiVMSS1HrZCAU3LiuYtNCmZTKZtEMnF2YmQgjd+xw+gFt9BHfiUl/A13DaZqHVHwb++c85HM7nxowKaRgfWmFpeWV1rbhe2tjc2t7Rd/dsESUcEwtHLOIdFwnCaEgsSSUjnZgTFLiMtN3x9bTevidc0Ci8k2lMnAANQ+pTjKSKBnrZE/06vIInPZ8jnDWY+nmWZ0+yqnls2Uf9+mSgV4yaMRP8a8zcVECu1kD/6nkRTgISSsyQEF3TiKWTIS4pZmRS6iWCxAiP0ZB0lQ1RQISTzW6ZwEOVeNCPuHqhhLP050SGAiHSwFWdAZIjsVibhv/W4lEqKBYL66V/6WQ0jBNJQjzf7icMyghOaUGPcoIlS5VBmFN1AMQjpEhJxbSkyJiLHP4au14zz2unt41K8yxnVAQHoAyqwAQXoAluQAtYAIMH8ASewYv2qL1qb9r7vLWg5TP74Je0z28cYaGW</latexit>

ds2 = � 4l2dUdV

(1 + UV )2
<latexit sha1_base64="4CsIetsKpjBsNX/mqJIXakv6idw="></latexit>
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◆
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⌘
⇡ 2t⇤ ��t h1(x)h2(x) < 1

1
h1(x)h2(x)
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Future directions

Quantify the circuit picture by six-point functions or other

definition of size

Multiple shockwaves and connections with earlier work

Better bulk calculation / estimation

The formation of black holes



Unanswered questions

The role of singularity: the existence of spacelike singularity 
prevents the meeting of signals that are sent in too late. What 
about collision near the inner horizon for charged black holes?

Y. Lensky, X-L. Qi,  arXiv:2012.15798

How to make this picture of black hole interior as unitary 
quantum circuit more rigorous? Similarity / difference with

tensor network in the exterior?

https://arxiv.org/abs/2012.15798


I had a fixed Hamiltonian in mind in the context of AdS/CFT. 

How to incorporate different states of baby universes?

We have been trying to understand matter propagating in the 
interior in terms of quantum circuit. How about firewalls?



Thank you.


