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

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.

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

Bob Alice

Alice
<latexit sha1_base64="CFiSSOCoLlapEMfTRbJnYqE+7FU=">AAACEXicbZDLSsNAFIYn9VbrrerSzWARXJVEBF1W3LisYC/QhDKZnrRDJxdmTsQQ+hSCW30Nd+LWJ/AtfASnbRa29cDAx/+fA//8fiKFRtv+tkpr6xubW+Xtys7u3v5B9fCoreNUcWjxWMaq6zMNUkTQQoESuokCFvoSOv74dup3HkFpEUcPmCXghWwYiUBwhkZyXYQnzG+k4DDpV2t23Z4NXQWngBopptmv/riDmKchRMgl07rn2Al6OVMouIRJxU01JIyP2RB6BiMWgvbyWeYJPTPKgAaxMi9COlP/XuQs1DoLfbMZMhzpZW8q/uslo0wLro1X0GIODK69XERJihDxeYwglRRjOq2HDoQCjjIzwLgS5ieUj5hiHE2JFVORs1zIKrQv6o5dd+4vaw27KKtMTsgpOScOuSINckeapEU4ScgLeSVv1rP1bn1Yn/PVklXcHJOFsb5+AUqCnk0=</latexit><latexit sha1_base64="CFiSSOCoLlapEMfTRbJnYqE+7FU=">AAACEXicbZDLSsNAFIYn9VbrrerSzWARXJVEBF1W3LisYC/QhDKZnrRDJxdmTsQQ+hSCW30Nd+LWJ/AtfASnbRa29cDAx/+fA//8fiKFRtv+tkpr6xubW+Xtys7u3v5B9fCoreNUcWjxWMaq6zMNUkTQQoESuokCFvoSOv74dup3HkFpEUcPmCXghWwYiUBwhkZyXYQnzG+k4DDpV2t23Z4NXQWngBopptmv/riDmKchRMgl07rn2Al6OVMouIRJxU01JIyP2RB6BiMWgvbyWeYJPTPKgAaxMi9COlP/XuQs1DoLfbMZMhzpZW8q/uslo0wLro1X0GIODK69XERJihDxeYwglRRjOq2HDoQCjjIzwLgS5ieUj5hiHE2JFVORs1zIKrQv6o5dd+4vaw27KKtMTsgpOScOuSINckeapEU4ScgLeSVv1rP1bn1Yn/PVklXcHJOFsb5+AUqCnk0=</latexit><latexit sha1_base64="CFiSSOCoLlapEMfTRbJnYqE+7FU=">AAACEXicbZDLSsNAFIYn9VbrrerSzWARXJVEBF1W3LisYC/QhDKZnrRDJxdmTsQQ+hSCW30Nd+LWJ/AtfASnbRa29cDAx/+fA//8fiKFRtv+tkpr6xubW+Xtys7u3v5B9fCoreNUcWjxWMaq6zMNUkTQQoESuokCFvoSOv74dup3HkFpEUcPmCXghWwYiUBwhkZyXYQnzG+k4DDpV2t23Z4NXQWngBopptmv/riDmKchRMgl07rn2Al6OVMouIRJxU01JIyP2RB6BiMWgvbyWeYJPTPKgAaxMi9COlP/XuQs1DoLfbMZMhzpZW8q/uslo0wLro1X0GIODK69XERJihDxeYwglRRjOq2HDoQCjjIzwLgS5ieUj5hiHE2JFVORs1zIKrQv6o5dd+4vaw27KKtMTsgpOScOuSINckeapEU4ScgLeSVv1rP1bn1Yn/PVklXcHJOFsb5+AUqCnk0=</latexit><latexit sha1_base64="CFiSSOCoLlapEMfTRbJnYqE+7FU=">AAACEXicbZDLSsNAFIYn9VbrrerSzWARXJVEBF1W3LisYC/QhDKZnrRDJxdmTsQQ+hSCW30Nd+LWJ/AtfASnbRa29cDAx/+fA//8fiKFRtv+tkpr6xubW+Xtys7u3v5B9fCoreNUcWjxWMaq6zMNUkTQQoESuokCFvoSOv74dup3HkFpEUcPmCXghWwYiUBwhkZyXYQnzG+k4DDpV2t23Z4NXQWngBopptmv/riDmKchRMgl07rn2Al6OVMouIRJxU01JIyP2RB6BiMWgvbyWeYJPTPKgAaxMi9COlP/XuQs1DoLfbMZMhzpZW8q/uslo0wLro1X0GIODK69XERJihDxeYwglRRjOq2HDoQCjjIzwLgS5ieUj5hiHE2JFVORs1zIKrQv6o5dd+4vaw27KKtMTsgpOScOuSINckeapEU4ScgLeSVv1rP1bn1Yn/PVklXcHJOFsb5+AUqCnk0=</latexit>

Bob
<latexit sha1_base64="bloruVLnbprljzRymmGZ+B9X44s=">AAACD3icbZDNSsNAFIUn/tb6V3XpZrAIrkoigi6LblxWsD/YhjKZ3rZDJ5MwcyOG0IcQ3OpruBO3PoJv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Gbj6CNiNQ9pjH4IRso0RecoZUeOghPmF1HwbhbKrsVdzp0GbwcyiSfWrf00+lFPAlBIZfMmLbnxuhnTKPgEsbFTmIgZnzEBtC2qFgIxs+micf01Co92o+0fQrpVP17kbHQmDQM7GbIcGgWvYn4rxcPUyO4sV5O8zmwf+VnQsUJguKzGP1EUozopBzaExo4ytQC41rYn1A+ZJpxtBUWbUXeYiHL0DiveG7Fu7soV928rAI5JifkjHjkklTJLamROuFEkRfySt6cZ+fd+XA+Z6srTn5zRObG+foFrDedbg==</latexit><latexit sha1_base64="bloruVLnbprljzRymmGZ+B9X44s=">AAACD3icbZDNSsNAFIUn/tb6V3XpZrAIrkoigi6LblxWsD/YhjKZ3rZDJ5MwcyOG0IcQ3OpruBO3PoJv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Gbj6CNiNQ9pjH4IRso0RecoZUeOghPmF1HwbhbKrsVdzp0GbwcyiSfWrf00+lFPAlBIZfMmLbnxuhnTKPgEsbFTmIgZnzEBtC2qFgIxs+micf01Co92o+0fQrpVP17kbHQmDQM7GbIcGgWvYn4rxcPUyO4sV5O8zmwf+VnQsUJguKzGP1EUozopBzaExo4ytQC41rYn1A+ZJpxtBUWbUXeYiHL0DiveG7Fu7soV928rAI5JifkjHjkklTJLamROuFEkRfySt6cZ+fd+XA+Z6srTn5zRObG+foFrDedbg==</latexit><latexit sha1_base64="bloruVLnbprljzRymmGZ+B9X44s=">AAACD3icbZDNSsNAFIUn/tb6V3XpZrAIrkoigi6LblxWsD/YhjKZ3rZDJ5MwcyOG0IcQ3OpruBO3PoJv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Gbj6CNiNQ9pjH4IRso0RecoZUeOghPmF1HwbhbKrsVdzp0GbwcyiSfWrf00+lFPAlBIZfMmLbnxuhnTKPgEsbFTmIgZnzEBtC2qFgIxs+micf01Co92o+0fQrpVP17kbHQmDQM7GbIcGgWvYn4rxcPUyO4sV5O8zmwf+VnQsUJguKzGP1EUozopBzaExo4ytQC41rYn1A+ZJpxtBUWbUXeYiHL0DiveG7Fu7soV928rAI5JifkjHjkklTJLamROuFEkRfySt6cZ+fd+XA+Z6srTn5zRObG+foFrDedbg==</latexit><latexit sha1_base64="bloruVLnbprljzRymmGZ+B9X44s=">AAACD3icbZDNSsNAFIUn/tb6V3XpZrAIrkoigi6LblxWsD/YhjKZ3rZDJ5MwcyOG0IcQ3OpruBO3PoJv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0M/Gbj6CNiNQ9pjH4IRso0RecoZUeOghPmF1HwbhbKrsVdzp0GbwcyiSfWrf00+lFPAlBIZfMmLbnxuhnTKPgEsbFTmIgZnzEBtC2qFgIxs+micf01Co92o+0fQrpVP17kbHQmDQM7GbIcGgWvYn4rxcPUyO4sV5O8zmwf+VnQsUJguKzGP1EUozopBzaExo4ytQC41rYn1A+ZJpxtBUWbUXeYiHL0DiveG7Fu7soV928rAI5JifkjHjkklTJLamROuFEkRfySt6cZ+fd+XA+Z6srTn5zRObG+foFrDedbg==</latexit>



Outline

Thermal field double and quantum circuit in the interior of eternal

black hole

Unanswered questions

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

the quantum circuit

Diagnosing the collision by six-point functions

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



Figure 15: Quantum circuit modeling the evolution of the TFD state. The initial state
is a product of Bell pairs shared between the left and right sides. Each side evolves
independently of the other.

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

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

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

tensor network by hand.

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

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

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

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

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

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

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

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

of this is in figure 16.

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

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

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

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

33

Figure 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. 

Identify circuit time with boundary time:   d⌧ =
2⇡

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

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

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

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>
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We represent thermofield double by S Bell pairs. The corresponding wormhole 

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

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>



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
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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>

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 meeting in the interior of the wormhole



Diagnosing the collision in the wormhole interior

We want to quantify the overlap in the quantum circuit. 

In the second case, when the perturbations have overlap, before inserting the

perturbations both Alice and Bob have to do backward time evolution. This

makes the procedure complex. At the end there is a timefold in the circuit. As

the fold grows, the collision gets stronger. In order to diagnose it, we think of 

the entire circuit as a single (complicated) operator preparing a state, and we 

quantify the “size” of this operator. 

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>

 1
<latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit> 2

<latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</latexit><latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</latexit><latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</latexit><latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</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>

�a
<latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit><latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit><latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit><latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit>

(twL + twR < 0)

<latexit sha1_base64="9dV71yZnk4xLgX5+RoTs9MMG6S8=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWoSKURCq6cFF048JFFXuBNoTJdNIOnUzCzEQpIeCruHGhiFufw51v46TNQlt/GPj4zzmcM78XMSqVZX0bhYXFpeWV4mppbX1jc8vc3mnJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xtdZfX2AxGShvxejSPiBGjAqU8xUtpyzb2KcpPHmxQewwzuUngBrSPXLFtVayI4D3YOZZCr4ZpfvX6I44BwhRmSsmtbkXISJBTFjKSlXixJhPAIDUhXI0cBkU4yOT+Fh9rpQz8U+nEFJ+7viQQFUo4DT3cGSA3lbC0z/6t1Y+WfOwnlUawIx9NFfsygCmGWBexTQbBiYw0IC6pvhXiIBMJKJ1bSIdizX56H1knVrlVPb2vl+mUeRxHsgwNQATY4A3VwDRqgCTBIwDN4BW/Gk/FivBsf09aCkc/sgj8yPn8Av+OUDw==</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>

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>

 1
<latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit>  2

<latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</latexit><latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</latexit><latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</latexit><latexit sha1_base64="4vI0A4jrGMxElW4y+c75gpvQMLc=">AAACC3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMFEGXBTcuKzhtoR1KJs20sZlMSDLCMPQRBLf6Gu7ErQ/hW/gIpu0sbOuFwMc598LJCSVn2rjut1Pa2Nza3invVvb2Dw6PqscnbZ2kilCfJDxR3RBrypmgvmGG065UFMchp51wcjvzO09UaZaIB5NJGsR4JFjECDZWavelZoPGoFpz6+580Dp4BdSgmNag+tMfJiSNqTCEY617nitNkGNlGOF0WumnmkpMJnhEexYFjqkO8nnaKbqwyhBFibJPGDRX/17kONY6i0O7GWMz1qveTPzXk+NMM6KtV9ByDhPdBDkTMjVUkEWMKOXIJGhWDBoyRYnhmQVMFLM/QWSMFSbG1lexFXmrhaxDu1H33Lp3f1VrukVZZTiDc7gED66hCXfQAh8IPMILvMKb8+y8Ox/O52K15BQ3p7A0ztcv3GqbUw==</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>

�a
<latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit><latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit><latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit><latexit sha1_base64="4XfA/SxL0l6hpIyrb1ozJDkJG+Q=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eGC9soVt+rOhqyCl0MF8qn3yj/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rGoaMSNn82STsiZVfokjLV9CslM/XuR0ciYcRTYzYji0Cx7U/FfLxmOjWDGejkt5sDwxs+ESlLkis1jhKkkGJNpKaQvNGcoxxYo08L+hLAh1ZShra5kK/KWC1mF5mXVc6ve/VWl5uZlFeEETuEcPLiGGtxBHRrAIIQXeIU359l5dz6cz/lqwclvjmFhnK9fiQKZgA==</latexit>
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Imagine experimentalists Alice and Bob try to build the quantum state in

their laboratory.  They start from some shared EPR pairs and implement

the following circuits.



Size of an operator
D. Roberts, D. Stanford, A. Streicher   arXiv: 1802.02633
                        X-L. Qi, A. Streicher    arXiv: 1810.11958

At finite temperature


2.4 Growth of an operator in the interior circuit

Next, we will provide an interpretation of F(a, tR) in terms of the growth of the perturbing

operator. We will first review some salient features of operator growth, mostly following [12],

and then discuss the relation to the epidemic model.

2.4.1 Operator growth in the SYK model

One can define the size of an operator O (made out of SYK fermions) by expanding it in a basis

of strings of elementary fermions  j1 · · · jk
and identifying the number of fermions that occur

in such strings. More precisely, we define a (positive and Hermitian) size operator n̂1 whose

expectation value counts the average number of distinct flavors j occurring in O:

n̂1 =
1

2

X

j

(1 + i 
L

j  
R

j ) : n1[O] = hO|n̂1|Oi = 1

4

X

j

tr
⇣
{O, j}†{O, j}

⌘
. (2.7)

Here we have in mind a doubled Hilbert space such that |Oi ⌘ (OL⌦1R)|0i is a state in HL⌦HR,

where |0i is the maximally entangled state.8

The size of a single fermion  i is n1[ i] = 1. Similarly, the identity operator has size

n1[1] = h0|n̂1|0i = 0. The peak of the size distribution describing a fully scrambled operator is

nmax = N

2 . This is the maximum size an operator can attain through scrambling.

Consider now a thermal state at inverse temperature �, which we denote as ⇢, and focus on

the operator O =  1(t). In order to define its size, we use the purification of the state ⇢
1
2 , i.e.,

the thermofield double state, which we denote as |TFDi 2 HL ⌦HR. It was shown in [12] that

the appropriate notion of size in this background is

n
ex
�
[ 1(t)]

nmax

⌘ n1[ 1(t)⇢
1
2 ]� n1[⇢

1
2 ]

nmax � n1[⇢
1
2 ]

, (2.8)

where nmax = N

2 . This quantity represents the average number of fermions in the operator  1(t)

in a thermal background of ⇢
1
2 . We call it the “exterior” size because it is closely related to the

momentum of the infalling particle in the exterior of the black hole, as we will discuss below.9

8We use a convention where { i, j} = 2�ij . The maximally entangled state |0i satisfies ( L

j + i R

j )|0i = 0 for
all j = 1, . . . , N . Note that |0i is also the thermofield double state at infinite temperature, hence the notation n̂1.

9It is also well known that this quantity takes the form of a standard out-of-time-order four-point function:

1�
nex
� [ 1(t)]

nmax

= �

P
j
tr
⇣
 1(t) j 1(t) ⇢

1
2 j⇢

1
2

⌘

P
j
tr
⇣
 j ⇢

1
2 j⇢

1
2

⌘ . (2.9)

10

n� [O]

nmax
⌘

n1[O⇢
1
2 ]� n1[⇢

1
2 ]

nmax � n1[⇢
1
2 ]
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Operator growth in SYK model, infinite temperature


n1[O] ⌘
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tr
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The thermal size of a single fermion                  can be related to an out-of-

time-ordered four point function, which grows exponentially until it saturates

to          at a time of order   

n� [ 1(t)]
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<latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit><latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit><latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit><latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit>

is the probability of a gate being healthy with one perturbation present

L. Susskind    arXiv:1802.01198
arXiv:1804.04156A. Brown, H. Gharibyan, A. Streicher, L. Susskind, L. Thorlacius, Y.Z.

https://arxiv.org/abs/1802.01198


In our case, the operator that builds the circuit described above is composed

of two perturbations:

eiHa 1(�twL)⇢
1
2 2(twR)e

iHb

<latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="j4mXYoNGTp81F5Y2VJSr/gJ14LU=">AAAB93icbZDLSsNAGIX/1FuNVevazWARXJXEjS4FNy4r2Au0oUwmf9qhk0mYmRRC6NaFW1/DnfgwvoWP4LTNwrYeGDicMwNnvjATXBvP+3Zqe/sHh0f1Y/ek4Z6enTcbPZ3mimGXpSJVg5BqFFxi13AjcJAppEkosB/OHpd9f45K81S+mCLDIKETyWPOqLFRZ9xseW1vJbJr/Mq0oNK4+TOKUpYnKA0TVOuh72UmKKkynAlcuKNcY0bZjE5waK2kCeqgXM1ckGubRCROlT3SkFX690VJE62LJLQ3E2qmertbhv922bTQnGnbVW5zh4nvg5LLLDco2XpGnAtiUrIkQiKukBlRWEOZ4vYnhE2posxYbq4l5G/z2DW927bvtf1nD+pwCVdwAz7cwQM8QQe6wCCCN3h3Xp0P53NNsuZUSC9gQ87XL9+4lpA=</latexit><latexit sha1_base64="3It02dqjxDWpQ3Rx4jeiiHNNJMc="></latexit><latexit sha1_base64="3It02dqjxDWpQ3Rx4jeiiHNNJMc="></latexit><latexit sha1_base64="LeaUfPfaIJJ2ptch1QhfkxOWoIk="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit><latexit sha1_base64="pfffM+eQ31dKghb3UGwhgb018WI="></latexit>

In order to detect the presence of the fold in the circuit, we define the 

renormalized size of the operator with two perturbations as follows:

nren

nmax
⌘ n1[eiHa 1(�twL)⇢

1
2 2(twR)eiHb]� n1[eiHa⇢

1
2 eiHb]

nmax � n1[eiHa⇢
1
2 eiHb]

<latexit sha1_base64="BEKQlzJzkzsn3RyhxAeT7xT6PIA="></latexit><latexit sha1_base64="BEKQlzJzkzsn3RyhxAeT7xT6PIA="></latexit><latexit sha1_base64="BEKQlzJzkzsn3RyhxAeT7xT6PIA="></latexit><latexit sha1_base64="BEKQlzJzkzsn3RyhxAeT7xT6PIA="></latexit>

[
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

[
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

�<latexit sha1_base64="aG8nZEQ31XnuN/Ost0zcqM6LTmw=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4IuC25ctmB/oB1KJr1tQzOZIckIw9C94FZfw5249TV8Cx/BtJ2Fbb0Q+DjnXjg5QSy4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+5nffkKleSQfTRqjH9KR5EPOqLFS46pfrrhVdz5kHbwcKpBPvV/+6Q0iloQoDRNU667nxsbPqDKcCZyWeonGmLIJHWHXoqQhaj+bB52SC6sMyDBS9klD5urfi4yGWqdhYDdDasZ61ZuJ/3rxONWcaevltJzDDO/8jMs4MSjZIsYwEcREZNYJGXCFzIjUAmWK258QNqaKMmObK9mKvNVC1qF1XfXcqte4qdTcvKwinME5XIIHt1CDB6hDExggvMArvDnPzrvz4XwuVgtOfnMKS+N8/QLFYpkV</latexit><latexit sha1_base64="aG8nZEQ31XnuN/Ost0zcqM6LTmw=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4IuC25ctmB/oB1KJr1tQzOZIckIw9C94FZfw5249TV8Cx/BtJ2Fbb0Q+DjnXjg5QSy4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+5nffkKleSQfTRqjH9KR5EPOqLFS46pfrrhVdz5kHbwcKpBPvV/+6Q0iloQoDRNU667nxsbPqDKcCZyWeonGmLIJHWHXoqQhaj+bB52SC6sMyDBS9klD5urfi4yGWqdhYDdDasZ61ZuJ/3rxONWcaevltJzDDO/8jMs4MSjZIsYwEcREZNYJGXCFzIjUAmWK258QNqaKMmObK9mKvNVC1qF1XfXcqte4qdTcvKwinME5XIIHt1CDB6hDExggvMArvDnPzrvz4XwuVgtOfnMKS+N8/QLFYpkV</latexit><latexit sha1_base64="aG8nZEQ31XnuN/Ost0zcqM6LTmw=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4IuC25ctmB/oB1KJr1tQzOZIckIw9C94FZfw5249TV8Cx/BtJ2Fbb0Q+DjnXjg5QSy4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+5nffkKleSQfTRqjH9KR5EPOqLFS46pfrrhVdz5kHbwcKpBPvV/+6Q0iloQoDRNU667nxsbPqDKcCZyWeonGmLIJHWHXoqQhaj+bB52SC6sMyDBS9klD5urfi4yGWqdhYDdDasZ61ZuJ/3rxONWcaevltJzDDO/8jMs4MSjZIsYwEcREZNYJGXCFzIjUAmWK258QNqaKMmObK9mKvNVC1qF1XfXcqte4qdTcvKwinME5XIIHt1CDB6hDExggvMArvDnPzrvz4XwuVgtOfnMKS+N8/QLFYpkV</latexit><latexit sha1_base64="aG8nZEQ31XnuN/Ost0zcqM6LTmw=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4IuC25ctmB/oB1KJr1tQzOZIckIw9C94FZfw5249TV8Cx/BtJ2Fbb0Q+DjnXjg5QSy4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+5nffkKleSQfTRqjH9KR5EPOqLFS46pfrrhVdz5kHbwcKpBPvV/+6Q0iloQoDRNU667nxsbPqDKcCZyWeonGmLIJHWHXoqQhaj+bB52SC6sMyDBS9klD5urfi4yGWqdhYDdDasZ61ZuJ/3rxONWcaevltJzDDO/8jMs4MSjZIsYwEcREZNYJGXCFzIjUAmWK258QNqaKMmObK9mKvNVC1qF1XfXcqte4qdTcvKwinME5XIIHt1CDB6hDExggvMArvDnPzrvz4XwuVgtOfnMKS+N8/QLFYpkV</latexit> [
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

[
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twL + twR < 0 :
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 1
<latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit><latexit sha1_base64="Lqs3/SBo8vgauq+w/GpM/YfHbZA=">AAACC3icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZcOOygv2BdiiZNNPGZpKQZIRh6CMIbvU13IlbH8K38BFM21nY1guBj3PuhZMTKc6M9f1vb219Y3Nru7RT3t3bPzisHB23jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4duq3n6g2TIoHmykaJngoWMwItk5q9ZRh/aBfqfo1fzZoFYICqlBMo1/56Q0kSRMqLOHYmG7gKxvmWFtGOJ2Ue6mhCpMxHtKuQ4ETasJ8lnaCzp0yQLHU7gmLZurfixwnxmRJ5DYTbEdm2ZuK/3pqlBlGjPMKWsxh45swZ0KllgoyjxGnHFmJpsWgAdOUWJ45wEQz9xNERlhjYl19ZVdRsFzIKrQua4FfC+6vqnW/KKsEp3AGFxDANdThDhrQBAKP8AKv8OY9e+/eh/c5X13zipsTWBjv6xfayJtS</latexit>n1
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Without the fold the renormalized size does not grow. In the case where

                   , the fold makes a non-trivial contribution to the renormalized

size. This contribution grows as the fold grows.  
twL + twR < 0
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Just as the size of a single-perturbation operator is related to an out-of-time-

ordered four point function, the renormalized size of a two-perturbation operator

can be written as a six-point correlation function:  
nren

nmax
= 1� F6

<latexit sha1_base64="PdkLqSoKeBDFD9xXqzHgCSGUI9k=">AAACMHicbZDLSsNAFIYnXmu9RV26GSyCLiyJiLoRCoK4rGAv0IQwmU7aoZNJmJmIIeQZfBfBrb6GrsStKx/BSZuFbT1w4OP/z4Fzfj9mVCrL+jAWFpeWV1Yra9X1jc2tbXNnty2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Rd+J0HIiSN+L1KY+KGaMBpQDFSWvLMYycQCGfcywTheV5AiB7zHF5B+8QJkRpixLKb3Dv3zJpVt8YF58EuoQbKanrmj9OPcBISrjBDUvZsK1ZuhoSimJG86iSSxAiP0ID0NHIUEulm45dyeKiVPgwioZsrOFb/bmQolDINfT1ZHClnvUL814uHqaRYaq+k6TtUcOlmlMeJIhxPzggSBlUEi/RgnwqCFUs1ICyo/gTiIdIJKp1xVUdkzwYyD+3Tum3V7buzWsMqw6qAfXAAjoANLkAD3IImaAEMnsALeAVvxrPxbnwaX5PRBaPc2QNTZXz/AgL8qoo=</latexit><latexit sha1_base64="PdkLqSoKeBDFD9xXqzHgCSGUI9k=">AAACMHicbZDLSsNAFIYnXmu9RV26GSyCLiyJiLoRCoK4rGAv0IQwmU7aoZNJmJmIIeQZfBfBrb6GrsStKx/BSZuFbT1w4OP/z4Fzfj9mVCrL+jAWFpeWV1Yra9X1jc2tbXNnty2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Rd+J0HIiSN+L1KY+KGaMBpQDFSWvLMYycQCGfcywTheV5AiB7zHF5B+8QJkRpixLKb3Dv3zJpVt8YF58EuoQbKanrmj9OPcBISrjBDUvZsK1ZuhoSimJG86iSSxAiP0ID0NHIUEulm45dyeKiVPgwioZsrOFb/bmQolDINfT1ZHClnvUL814uHqaRYaq+k6TtUcOlmlMeJIhxPzggSBlUEi/RgnwqCFUs1ICyo/gTiIdIJKp1xVUdkzwYyD+3Tum3V7buzWsMqw6qAfXAAjoANLkAD3IImaAEMnsALeAVvxrPxbnwaX5PRBaPc2QNTZXz/AgL8qoo=</latexit><latexit sha1_base64="PdkLqSoKeBDFD9xXqzHgCSGUI9k=">AAACMHicbZDLSsNAFIYnXmu9RV26GSyCLiyJiLoRCoK4rGAv0IQwmU7aoZNJmJmIIeQZfBfBrb6GrsStKx/BSZuFbT1w4OP/z4Fzfj9mVCrL+jAWFpeWV1Yra9X1jc2tbXNnty2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Rd+J0HIiSN+L1KY+KGaMBpQDFSWvLMYycQCGfcywTheV5AiB7zHF5B+8QJkRpixLKb3Dv3zJpVt8YF58EuoQbKanrmj9OPcBISrjBDUvZsK1ZuhoSimJG86iSSxAiP0ID0NHIUEulm45dyeKiVPgwioZsrOFb/bmQolDINfT1ZHClnvUL814uHqaRYaq+k6TtUcOlmlMeJIhxPzggSBlUEi/RgnwqCFUs1ICyo/gTiIdIJKp1xVUdkzwYyD+3Tum3V7buzWsMqw6qAfXAAjoANLkAD3IImaAEMnsALeAVvxrPxbnwaX5PRBaPc2QNTZXz/AgL8qoo=</latexit><latexit sha1_base64="PdkLqSoKeBDFD9xXqzHgCSGUI9k=">AAACMHicbZDLSsNAFIYnXmu9RV26GSyCLiyJiLoRCoK4rGAv0IQwmU7aoZNJmJmIIeQZfBfBrb6GrsStKx/BSZuFbT1w4OP/z4Fzfj9mVCrL+jAWFpeWV1Yra9X1jc2tbXNnty2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Rd+J0HIiSN+L1KY+KGaMBpQDFSWvLMYycQCGfcywTheV5AiB7zHF5B+8QJkRpixLKb3Dv3zJpVt8YF58EuoQbKanrmj9OPcBISrjBDUvZsK1ZuhoSimJG86iSSxAiP0ID0NHIUEulm45dyeKiVPgwioZsrOFb/bmQolDINfT1ZHClnvUL814uHqaRYaq+k6TtUcOlmlMeJIhxPzggSBlUEi/RgnwqCFUs1ICyo/gTiIdIJKp1xVUdkzwYyD+3Tum3V7buzWsMqw6qAfXAAjoANLkAD3IImaAEMnsALeAVvxrPxbnwaX5PRBaPc2QNTZXz/AgL8qoo=</latexit>
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<latexit sha1_base64="Kw3NHl8ldoSPTyZqRmpUTCS/DGs="></latexit><latexit sha1_base64="Kw3NHl8ldoSPTyZqRmpUTCS/DGs="></latexit><latexit sha1_base64="Kw3NHl8ldoSPTyZqRmpUTCS/DGs="></latexit><latexit sha1_base64="Kw3NHl8ldoSPTyZqRmpUTCS/DGs="></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>

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
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A contour representation of the six-point function
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<latexit sha1_base64="EJlOj5VdvdJicVDawXjw+6P30EY=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIdVMSEXRZcOOiiwr2B9oYJtNpO3QyCTM3lRD6IIJbfQ134talb+EjOG2zsK0XBj7OuRfOnCAWXIPjfFtr6xubW9uFneLu3v7BoX103NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjG6nfmvMlOaRfIA0Zl5IBpL3OSVgJN+2u7HmvvtYK4OfPdUmF75dcirObPAquDmUUD513/7p9iKahEwCFUTrjuvE4GVEAaeCTYrdRLOY0BEZsI5BSUKmvWyWfILPjdLD/UiZJwHP1L8XGQm1TsPAbIYEhnrZm4r/evEw1Zxq4+W0mAP6N17GZZwAk3Qeo58IDBGeloR7XDEKIjVAqOLmJ5gOiSIUTJVFU5G7XMgqNC8rrlNx769KVScvq4BO0RkqIxddoyq6Q3XUQBSN0Qt6RW/Ws/VufVif89U1K785QQtjff0CtSmfcA==</latexit><latexit sha1_base64="EJlOj5VdvdJicVDawXjw+6P30EY=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIdVMSEXRZcOOiiwr2B9oYJtNpO3QyCTM3lRD6IIJbfQ134talb+EjOG2zsK0XBj7OuRfOnCAWXIPjfFtr6xubW9uFneLu3v7BoX103NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjG6nfmvMlOaRfIA0Zl5IBpL3OSVgJN+2u7HmvvtYK4OfPdUmF75dcirObPAquDmUUD513/7p9iKahEwCFUTrjuvE4GVEAaeCTYrdRLOY0BEZsI5BSUKmvWyWfILPjdLD/UiZJwHP1L8XGQm1TsPAbIYEhnrZm4r/evEw1Zxq4+W0mAP6N17GZZwAk3Qeo58IDBGeloR7XDEKIjVAqOLmJ5gOiSIUTJVFU5G7XMgqNC8rrlNx769KVScvq4BO0RkqIxddoyq6Q3XUQBSN0Qt6RW/Ws/VufVif89U1K785QQtjff0CtSmfcA==</latexit><latexit sha1_base64="EJlOj5VdvdJicVDawXjw+6P30EY=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIdVMSEXRZcOOiiwr2B9oYJtNpO3QyCTM3lRD6IIJbfQ134talb+EjOG2zsK0XBj7OuRfOnCAWXIPjfFtr6xubW9uFneLu3v7BoX103NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjG6nfmvMlOaRfIA0Zl5IBpL3OSVgJN+2u7HmvvtYK4OfPdUmF75dcirObPAquDmUUD513/7p9iKahEwCFUTrjuvE4GVEAaeCTYrdRLOY0BEZsI5BSUKmvWyWfILPjdLD/UiZJwHP1L8XGQm1TsPAbIYEhnrZm4r/evEw1Zxq4+W0mAP6N17GZZwAk3Qeo58IDBGeloR7XDEKIjVAqOLmJ5gOiSIUTJVFU5G7XMgqNC8rrlNx769KVScvq4BO0RkqIxddoyq6Q3XUQBSN0Qt6RW/Ws/VufVif89U1K785QQtjff0CtSmfcA==</latexit><latexit sha1_base64="EJlOj5VdvdJicVDawXjw+6P30EY=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIdVMSEXRZcOOiiwr2B9oYJtNpO3QyCTM3lRD6IIJbfQ134talb+EjOG2zsK0XBj7OuRfOnCAWXIPjfFtr6xubW9uFneLu3v7BoX103NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjG6nfmvMlOaRfIA0Zl5IBpL3OSVgJN+2u7HmvvtYK4OfPdUmF75dcirObPAquDmUUD513/7p9iKahEwCFUTrjuvE4GVEAaeCTYrdRLOY0BEZsI5BSUKmvWyWfILPjdLD/UiZJwHP1L8XGQm1TsPAbIYEhnrZm4r/evEw1Zxq4+W0mAP6N17GZZwAk3Qeo58IDBGeloR7XDEKIjVAqOLmJ5gOiSIUTJVFU5G7XMgqNC8rrlNx769KVScvq4BO0RkqIxddoyq6Q3XUQBSN0Qt6RW/Ws/VufVif89U1K785QQtjff0CtSmfcA==</latexit>
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<latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit><latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit><latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit><latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit>
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<latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit><latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit><latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit><latexit sha1_base64="aIBVmm9dH7SWcIZ7YlJfLweiqbo=">AAACF3icbZDLSgMxGIUz9VbrbdSlm2AR6qbMFEGXBTcua7EXaMchk2ba0EwmJJnKMPRBBLf6Gu7ErUvfwkcwbWdhW38IfJzz/3ByAsGo0o7zbRU2Nre2d4q7pb39g8Mj+/ikreJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvp35nQmRisb8QaeCeBEachpSjLSRfNvuC0X92mOzov3sqTm99O2yU3XmA9fBzaEM8mn49k9/EOMkIlxjhpTquY7QXoakppiRaamfKCIQHqMh6RnkKCLKy+bJp/DCKAMYxtI8ruFc/XuRoUipNArMZoT0SK16M/FfT4xSRbEyXk7LOXR442WUi0QTjhcxwoRBHcNZSXBAJcGapQYQltT8BOIRkghrU2XJVOSuFrIO7VrVdaru/VW57uRlFcEZOAcV4IJrUAd3oAFaAIMJeAGv4M16tt6tD+tzsVqw8ptTsDTW1y/KqZ99</latexit>

 2(u2)
<latexit sha1_base64="7UTWMmgywea08LpQsr8RI7xmXZ8=">AAACEHicbZDNSgMxFIXv+FvrX9Wlm8Ei1E2ZKYIuC25cVrA/0A5DJs20oZkkJBlhGPoSglt9DXfi1jfwLXwE03YWtvVC4OOce+HkRJJRbTzv29nY3Nre2S3tlfcPDo+OKyenHS1ShUkbCyZUL0KaMMpJ21DDSE8qgpKIkW40uZv53SeiNBX80WSSBAkacRpTjIyV+gOpadiopWHjKqxUvbo3H3cd/AKqUEwrrPwMhgKnCeEGM6R13/ekCXKkDMWMTMuDVBOJ8ASNSN8iRwnRQT6PPHUvrTJ0Y6Hs48adq38vcpRonSWR3UyQGetVbyb+68lxpinW1itoOYeJb4OccpkawvEiRpwy1wh31o47pIpgwzILCCtqf+LiMVIIG9th2VbkrxayDp1G3ffq/sN1tekVZZXgHC6gBj7cQBPuoQVtwCDgBV7hzXl23p0P53OxuuEUN2ewNM7XL9QBnNw=</latexit><latexit sha1_base64="7UTWMmgywea08LpQsr8RI7xmXZ8=">AAACEHicbZDNSgMxFIXv+FvrX9Wlm8Ei1E2ZKYIuC25cVrA/0A5DJs20oZkkJBlhGPoSglt9DXfi1jfwLXwE03YWtvVC4OOce+HkRJJRbTzv29nY3Nre2S3tlfcPDo+OKyenHS1ShUkbCyZUL0KaMMpJ21DDSE8qgpKIkW40uZv53SeiNBX80WSSBAkacRpTjIyV+gOpadiopWHjKqxUvbo3H3cd/AKqUEwrrPwMhgKnCeEGM6R13/ekCXKkDMWMTMuDVBOJ8ASNSN8iRwnRQT6PPHUvrTJ0Y6Hs48adq38vcpRonSWR3UyQGetVbyb+68lxpinW1itoOYeJb4OccpkawvEiRpwy1wh31o47pIpgwzILCCtqf+LiMVIIG9th2VbkrxayDp1G3ffq/sN1tekVZZXgHC6gBj7cQBPuoQVtwCDgBV7hzXl23p0P53OxuuEUN2ewNM7XL9QBnNw=</latexit><latexit sha1_base64="7UTWMmgywea08LpQsr8RI7xmXZ8=">AAACEHicbZDNSgMxFIXv+FvrX9Wlm8Ei1E2ZKYIuC25cVrA/0A5DJs20oZkkJBlhGPoSglt9DXfi1jfwLXwE03YWtvVC4OOce+HkRJJRbTzv29nY3Nre2S3tlfcPDo+OKyenHS1ShUkbCyZUL0KaMMpJ21DDSE8qgpKIkW40uZv53SeiNBX80WSSBAkacRpTjIyV+gOpadiopWHjKqxUvbo3H3cd/AKqUEwrrPwMhgKnCeEGM6R13/ekCXKkDMWMTMuDVBOJ8ASNSN8iRwnRQT6PPHUvrTJ0Y6Hs48adq38vcpRonSWR3UyQGetVbyb+68lxpinW1itoOYeJb4OccpkawvEiRpwy1wh31o47pIpgwzILCCtqf+LiMVIIG9th2VbkrxayDp1G3ffq/sN1tekVZZXgHC6gBj7cQBPuoQVtwCDgBV7hzXl23p0P53OxuuEUN2ewNM7XL9QBnNw=</latexit><latexit sha1_base64="7UTWMmgywea08LpQsr8RI7xmXZ8=">AAACEHicbZDNSgMxFIXv+FvrX9Wlm8Ei1E2ZKYIuC25cVrA/0A5DJs20oZkkJBlhGPoSglt9DXfi1jfwLXwE03YWtvVC4OOce+HkRJJRbTzv29nY3Nre2S3tlfcPDo+OKyenHS1ShUkbCyZUL0KaMMpJ21DDSE8qgpKIkW40uZv53SeiNBX80WSSBAkacRpTjIyV+gOpadiopWHjKqxUvbo3H3cd/AKqUEwrrPwMhgKnCeEGM6R13/ekCXKkDMWMTMuDVBOJ8ASNSN8iRwnRQT6PPHUvrTJ0Y6Hs48adq38vcpRonSWR3UyQGetVbyb+68lxpinW1itoOYeJb4OccpkawvEiRpwy1wh31o47pIpgwzILCCtqf+LiMVIIG9th2VbkrxayDp1G3ffq/sN1tekVZZXgHC6gBj7cQBPuoQVtwCDgBV7hzXl23p0P53OxuuEUN2ewNM7XL9QBnNw=</latexit>

 2(u
0
2)

<latexit sha1_base64="I0b/A1S12iFlTVbBEywcJ3UIoTE=">AAACEXicbZDNSsNAFIVv6l+tf1WXboJFrJuSFEGXBTcuK9gfaEKYTCft0MlkmJkIIfQpBLf6Gu7ErU/gW/gITtssbOuFgY9z7oUzJxSMKu0431ZpY3Nre6e8W9nbPzg8qh6fdFWSSkw6OGGJ7IdIEUY56WiqGekLSVAcMtILJ3czv/dEpKIJf9SZIH6MRpxGFCNtJM8TigbNeho0L6+Cas1pOPOx18EtoAbFtIPqjzdMcBoTrjFDSg1cR2g/R1JTzMi04qWKCIQnaEQGBjmKifLzeeapfWGUoR0l0jyu7bn69yJHsVJZHJrNGOmxWvVm4r+eGGeKYmW8gpZz6OjWzykXqSYcL2JEKbN1Ys/qsYdUEqxZZgBhSc1PbDxGEmFtSqyYitzVQtah22y4TsN9uK61nKKsMpzBOdTBhRtowT20oQMYBLzAK7xZz9a79WF9LlZLVnFzCktjff0CPGKdDQ==</latexit><latexit sha1_base64="I0b/A1S12iFlTVbBEywcJ3UIoTE=">AAACEXicbZDNSsNAFIVv6l+tf1WXboJFrJuSFEGXBTcuK9gfaEKYTCft0MlkmJkIIfQpBLf6Gu7ErU/gW/gITtssbOuFgY9z7oUzJxSMKu0431ZpY3Nre6e8W9nbPzg8qh6fdFWSSkw6OGGJ7IdIEUY56WiqGekLSVAcMtILJ3czv/dEpKIJf9SZIH6MRpxGFCNtJM8TigbNeho0L6+Cas1pOPOx18EtoAbFtIPqjzdMcBoTrjFDSg1cR2g/R1JTzMi04qWKCIQnaEQGBjmKifLzeeapfWGUoR0l0jyu7bn69yJHsVJZHJrNGOmxWvVm4r+eGGeKYmW8gpZz6OjWzykXqSYcL2JEKbN1Ys/qsYdUEqxZZgBhSc1PbDxGEmFtSqyYitzVQtah22y4TsN9uK61nKKsMpzBOdTBhRtowT20oQMYBLzAK7xZz9a79WF9LlZLVnFzCktjff0CPGKdDQ==</latexit><latexit sha1_base64="I0b/A1S12iFlTVbBEywcJ3UIoTE=">AAACEXicbZDNSsNAFIVv6l+tf1WXboJFrJuSFEGXBTcuK9gfaEKYTCft0MlkmJkIIfQpBLf6Gu7ErU/gW/gITtssbOuFgY9z7oUzJxSMKu0431ZpY3Nre6e8W9nbPzg8qh6fdFWSSkw6OGGJ7IdIEUY56WiqGekLSVAcMtILJ3czv/dEpKIJf9SZIH6MRpxGFCNtJM8TigbNeho0L6+Cas1pOPOx18EtoAbFtIPqjzdMcBoTrjFDSg1cR2g/R1JTzMi04qWKCIQnaEQGBjmKifLzeeapfWGUoR0l0jyu7bn69yJHsVJZHJrNGOmxWvVm4r+eGGeKYmW8gpZz6OjWzykXqSYcL2JEKbN1Ys/qsYdUEqxZZgBhSc1PbDxGEmFtSqyYitzVQtah22y4TsN9uK61nKKsMpzBOdTBhRtowT20oQMYBLzAK7xZz9a79WF9LlZLVnFzCktjff0CPGKdDQ==</latexit><latexit sha1_base64="I0b/A1S12iFlTVbBEywcJ3UIoTE=">AAACEXicbZDNSsNAFIVv6l+tf1WXboJFrJuSFEGXBTcuK9gfaEKYTCft0MlkmJkIIfQpBLf6Gu7ErU/gW/gITtssbOuFgY9z7oUzJxSMKu0431ZpY3Nre6e8W9nbPzg8qh6fdFWSSkw6OGGJ7IdIEUY56WiqGekLSVAcMtILJ3czv/dEpKIJf9SZIH6MRpxGFCNtJM8TigbNeho0L6+Cas1pOPOx18EtoAbFtIPqjzdMcBoTrjFDSg1cR2g/R1JTzMi04qWKCIQnaEQGBjmKifLzeeapfWGUoR0l0jyu7bn69yJHsVJZHJrNGOmxWvVm4r+eGGeKYmW8gpZz6OjWzykXqSYcL2JEKbN1Ys/qsYdUEqxZZgBhSc1PbDxGEmFtSqyYitzVQtah22y4TsN9uK61nKKsMpzBOdTBhRtowT20oQMYBLzAK7xZz9a79WF9LlZLVnFzCktjff0CPGKdDQ==</latexit>
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<latexit sha1_base64="pTO83fZBWB0ZvWteOj4KQOm6Jq8=">AAACEHicbZDLSgMxGIUz9VbrrerSTbAIdVMmIuiy4MZlBXuBdhgyaaYNzSQhyQjD0JcQ3OpruBO3voFv4SOYtrOwrT8EPs75fzg5keLMWN//9kobm1vbO+Xdyt7+weFR9fikY2SqCW0TyaXuRdhQzgRtW2Y57SlNcRJx2o0mdzO/+0S1YVI82kzRIMEjwWJGsHVSf6AMC1E9DdFlWK35DX8+cB1QATVQTCus/gyGkqQJFZZwbEwf+coGOdaWEU6nlUFqqMJkgke071DghJogn0eewgunDGEstXvCwrn69yLHiTFZErnNBNuxWfVm4r+eGmeGEeO8gpZz2Pg2yJlQqaWCLGLEKYdWwlk7cMg0JZZnDjDRzP0EkjHWmFjXYcVVhFYLWYfOVQP5DfRwXWv6RVllcAbOQR0gcAOa4B60QBsQIMELeAVv3rP37n14n4vVklfcnIKl8b5+AdC3nNo=</latexit><latexit sha1_base64="pTO83fZBWB0ZvWteOj4KQOm6Jq8=">AAACEHicbZDLSgMxGIUz9VbrrerSTbAIdVMmIuiy4MZlBXuBdhgyaaYNzSQhyQjD0JcQ3OpruBO3voFv4SOYtrOwrT8EPs75fzg5keLMWN//9kobm1vbO+Xdyt7+weFR9fikY2SqCW0TyaXuRdhQzgRtW2Y57SlNcRJx2o0mdzO/+0S1YVI82kzRIMEjwWJGsHVSf6AMC1E9DdFlWK35DX8+cB1QATVQTCus/gyGkqQJFZZwbEwf+coGOdaWEU6nlUFqqMJkgke071DghJogn0eewgunDGEstXvCwrn69yLHiTFZErnNBNuxWfVm4r+eGmeGEeO8gpZz2Pg2yJlQqaWCLGLEKYdWwlk7cMg0JZZnDjDRzP0EkjHWmFjXYcVVhFYLWYfOVQP5DfRwXWv6RVllcAbOQR0gcAOa4B60QBsQIMELeAVv3rP37n14n4vVklfcnIKl8b5+AdC3nNo=</latexit><latexit sha1_base64="pTO83fZBWB0ZvWteOj4KQOm6Jq8=">AAACEHicbZDLSgMxGIUz9VbrrerSTbAIdVMmIuiy4MZlBXuBdhgyaaYNzSQhyQjD0JcQ3OpruBO3voFv4SOYtrOwrT8EPs75fzg5keLMWN//9kobm1vbO+Xdyt7+weFR9fikY2SqCW0TyaXuRdhQzgRtW2Y57SlNcRJx2o0mdzO/+0S1YVI82kzRIMEjwWJGsHVSf6AMC1E9DdFlWK35DX8+cB1QATVQTCus/gyGkqQJFZZwbEwf+coGOdaWEU6nlUFqqMJkgke071DghJogn0eewgunDGEstXvCwrn69yLHiTFZErnNBNuxWfVm4r+eGmeGEeO8gpZz2Pg2yJlQqaWCLGLEKYdWwlk7cMg0JZZnDjDRzP0EkjHWmFjXYcVVhFYLWYfOVQP5DfRwXWv6RVllcAbOQR0gcAOa4B60QBsQIMELeAVv3rP37n14n4vVklfcnIKl8b5+AdC3nNo=</latexit><latexit sha1_base64="pTO83fZBWB0ZvWteOj4KQOm6Jq8=">AAACEHicbZDLSgMxGIUz9VbrrerSTbAIdVMmIuiy4MZlBXuBdhgyaaYNzSQhyQjD0JcQ3OpruBO3voFv4SOYtrOwrT8EPs75fzg5keLMWN//9kobm1vbO+Xdyt7+weFR9fikY2SqCW0TyaXuRdhQzgRtW2Y57SlNcRJx2o0mdzO/+0S1YVI82kzRIMEjwWJGsHVSf6AMC1E9DdFlWK35DX8+cB1QATVQTCus/gyGkqQJFZZwbEwf+coGOdaWEU6nlUFqqMJkgke071DghJogn0eewgunDGEstXvCwrn69yLHiTFZErnNBNuxWfVm4r+eGmeGEeO8gpZz2Pg2yJlQqaWCLGLEKYdWwlk7cMg0JZZnDjDRzP0EkjHWmFjXYcVVhFYLWYfOVQP5DfRwXWv6RVllcAbOQR0gcAOa4B60QBsQIMELeAVv3rP37n14n4vVklfcnIKl8b5+AdC3nNo=</latexit>

 1(u
0
1)

<latexit sha1_base64="eiu/SUIoksHoUvex1vRtAXbDgzw=">AAACEXicbZDNSgMxFIXv+FvrX9Wlm2AR66bMiKDLghuXFewPdIYhk2ba0EwmJBlhKH0Kwa2+hjtx6xP4Fj6CaTsL23oh8HHOvXByIsmZNq777aytb2xubZd2yrt7+weHlaPjtk4zRWiLpDxV3QhrypmgLcMMp12pKE4iTjvR6G7qd56o0iwVjyaXNEjwQLCYEWys5PtSs9CrZaF3cRlWqm7dnQ1aBa+AKhTTDCs/fj8lWUKFIRxr3fNcaYIxVoYRTidlP9NUYjLCA9qzKHBCdTCeZZ6gc6v0UZwq+4RBM/XvxRgnWudJZDcTbIZ62ZuK/3pymGtGtPUKWsxh4ttgzITMDBVkHiPOODIpmtaD+kxRYnhuARPF7E8QGWKFibEllm1F3nIhq9C+qntu3Xu4rjbcoqwSnMIZ1MCDG2jAPTShBQQkvMArvDnPzrvz4XzOV9ec4uYEFsb5+gU5Fp0L</latexit><latexit sha1_base64="eiu/SUIoksHoUvex1vRtAXbDgzw=">AAACEXicbZDNSgMxFIXv+FvrX9Wlm2AR66bMiKDLghuXFewPdIYhk2ba0EwmJBlhKH0Kwa2+hjtx6xP4Fj6CaTsL23oh8HHOvXByIsmZNq777aytb2xubZd2yrt7+weHlaPjtk4zRWiLpDxV3QhrypmgLcMMp12pKE4iTjvR6G7qd56o0iwVjyaXNEjwQLCYEWys5PtSs9CrZaF3cRlWqm7dnQ1aBa+AKhTTDCs/fj8lWUKFIRxr3fNcaYIxVoYRTidlP9NUYjLCA9qzKHBCdTCeZZ6gc6v0UZwq+4RBM/XvxRgnWudJZDcTbIZ62ZuK/3pymGtGtPUKWsxh4ttgzITMDBVkHiPOODIpmtaD+kxRYnhuARPF7E8QGWKFibEllm1F3nIhq9C+qntu3Xu4rjbcoqwSnMIZ1MCDG2jAPTShBQQkvMArvDnPzrvz4XzOV9ec4uYEFsb5+gU5Fp0L</latexit><latexit sha1_base64="eiu/SUIoksHoUvex1vRtAXbDgzw=">AAACEXicbZDNSgMxFIXv+FvrX9Wlm2AR66bMiKDLghuXFewPdIYhk2ba0EwmJBlhKH0Kwa2+hjtx6xP4Fj6CaTsL23oh8HHOvXByIsmZNq777aytb2xubZd2yrt7+weHlaPjtk4zRWiLpDxV3QhrypmgLcMMp12pKE4iTjvR6G7qd56o0iwVjyaXNEjwQLCYEWys5PtSs9CrZaF3cRlWqm7dnQ1aBa+AKhTTDCs/fj8lWUKFIRxr3fNcaYIxVoYRTidlP9NUYjLCA9qzKHBCdTCeZZ6gc6v0UZwq+4RBM/XvxRgnWudJZDcTbIZ62ZuK/3pymGtGtPUKWsxh4ttgzITMDBVkHiPOODIpmtaD+kxRYnhuARPF7E8QGWKFibEllm1F3nIhq9C+qntu3Xu4rjbcoqwSnMIZ1MCDG2jAPTShBQQkvMArvDnPzrvz4XzOV9ec4uYEFsb5+gU5Fp0L</latexit><latexit sha1_base64="eiu/SUIoksHoUvex1vRtAXbDgzw=">AAACEXicbZDNSgMxFIXv+FvrX9Wlm2AR66bMiKDLghuXFewPdIYhk2ba0EwmJBlhKH0Kwa2+hjtx6xP4Fj6CaTsL23oh8HHOvXByIsmZNq777aytb2xubZd2yrt7+weHlaPjtk4zRWiLpDxV3QhrypmgLcMMp12pKE4iTjvR6G7qd56o0iwVjyaXNEjwQLCYEWys5PtSs9CrZaF3cRlWqm7dnQ1aBa+AKhTTDCs/fj8lWUKFIRxr3fNcaYIxVoYRTidlP9NUYjLCA9qzKHBCdTCeZZ6gc6v0UZwq+4RBM/XvxRgnWudJZDcTbIZ62ZuK/3pymGtGtPUKWsxh4ttgzITMDBVkHiPOODIpmtaD+kxRYnhuARPF7E8QGWKFibEllm1F3nIhq9C+qntu3Xu4rjbcoqwSnMIZ1MCDG2jAPTShBQQkvMArvDnPzrvz4XzOV9ec4uYEFsb5+gU5Fp0L</latexit>

 j(u
0
j)

<latexit sha1_base64="vojCw3+zT1WYuPGYppcUXxQiQSI=">AAACEXicbZDNSsNAFIVv/K31r+rSTbCIdVMSEXRZcOOygv2BJoTJdNJOO5kMMxMhhD6F4FZfw5249Ql8Cx/BaZuFbb0w8HHOvXDmhIJRpR3n21pb39jc2i7tlHf39g8OK0fHbZWkEpMWTlgiuyFShFFOWppqRrpCEhSHjHTC8d3U7zwRqWjCH3UmiB+jAacRxUgbyfOEosGolgaji8ugUnXqzmzsVXALqEIxzaDy4/UTnMaEa8yQUj3XEdrPkdQUMzIpe6kiAuExGpCeQY5iovx8lnlinxulb0eJNI9re6b+vchRrFQWh2YzRnqolr2p+K8nhpmiWBmvoMUcOrr1c8pFqgnH8xhRymyd2NN67D6VBGuWGUBYUvMTGw+RRFibEsumIne5kFVoX9Vdp+4+XFcbTlFWCU7hDGrgwg004B6a0AIMAl7gFd6sZ+vd+rA+56trVnFzAgtjff0C9QKdfQ==</latexit><latexit sha1_base64="vojCw3+zT1WYuPGYppcUXxQiQSI=">AAACEXicbZDNSsNAFIVv/K31r+rSTbCIdVMSEXRZcOOygv2BJoTJdNJOO5kMMxMhhD6F4FZfw5249Ql8Cx/BaZuFbb0w8HHOvXDmhIJRpR3n21pb39jc2i7tlHf39g8OK0fHbZWkEpMWTlgiuyFShFFOWppqRrpCEhSHjHTC8d3U7zwRqWjCH3UmiB+jAacRxUgbyfOEosGolgaji8ugUnXqzmzsVXALqEIxzaDy4/UTnMaEa8yQUj3XEdrPkdQUMzIpe6kiAuExGpCeQY5iovx8lnlinxulb0eJNI9re6b+vchRrFQWh2YzRnqolr2p+K8nhpmiWBmvoMUcOrr1c8pFqgnH8xhRymyd2NN67D6VBGuWGUBYUvMTGw+RRFibEsumIne5kFVoX9Vdp+4+XFcbTlFWCU7hDGrgwg004B6a0AIMAl7gFd6sZ+vd+rA+56trVnFzAgtjff0C9QKdfQ==</latexit><latexit sha1_base64="vojCw3+zT1WYuPGYppcUXxQiQSI=">AAACEXicbZDNSsNAFIVv/K31r+rSTbCIdVMSEXRZcOOygv2BJoTJdNJOO5kMMxMhhD6F4FZfw5249Ql8Cx/BaZuFbb0w8HHOvXDmhIJRpR3n21pb39jc2i7tlHf39g8OK0fHbZWkEpMWTlgiuyFShFFOWppqRrpCEhSHjHTC8d3U7zwRqWjCH3UmiB+jAacRxUgbyfOEosGolgaji8ugUnXqzmzsVXALqEIxzaDy4/UTnMaEa8yQUj3XEdrPkdQUMzIpe6kiAuExGpCeQY5iovx8lnlinxulb0eJNI9re6b+vchRrFQWh2YzRnqolr2p+K8nhpmiWBmvoMUcOrr1c8pFqgnH8xhRymyd2NN67D6VBGuWGUBYUvMTGw+RRFibEsumIne5kFVoX9Vdp+4+XFcbTlFWCU7hDGrgwg004B6a0AIMAl7gFd6sZ+vd+rA+56trVnFzAgtjff0C9QKdfQ==</latexit><latexit sha1_base64="vojCw3+zT1WYuPGYppcUXxQiQSI=">AAACEXicbZDNSsNAFIVv/K31r+rSTbCIdVMSEXRZcOOygv2BJoTJdNJOO5kMMxMhhD6F4FZfw5249Ql8Cx/BaZuFbb0w8HHOvXDmhIJRpR3n21pb39jc2i7tlHf39g8OK0fHbZWkEpMWTlgiuyFShFFOWppqRrpCEhSHjHTC8d3U7zwRqWjCH3UmiB+jAacRxUgbyfOEosGolgaji8ugUnXqzmzsVXALqEIxzaDy4/UTnMaEa8yQUj3XEdrPkdQUMzIpe6kiAuExGpCeQY5iovx8lnlinxulb0eJNI9re6b+vchRrFQWh2YzRnqolr2p+K8nhpmiWBmvoMUcOrr1c8pFqgnH8xhRymyd2NN67D6VBGuWGUBYUvMTGw+RRFibEsumIne5kFVoX9Vdp+4+XFcbTlFWCU7hDGrgwg004B6a0AIMAl7gFd6sZ+vd+rA+56trVnFzAgtjff0C9QKdfQ==</latexit>

 j(uj)
<latexit sha1_base64="GMcPgsU/+kdASo2RbhXUTGOa2BU=">AAACEHicbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFty4rGB/oB2GTJq2aTOZkGSEYehLCG71NdyJW9/At/ARTNtZ2NYLgY9z7oWTE0rOtHHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2Hk7uZ336iSrNYPJpUUj/CQ8EGjGBjpW5PahaMq0kwvgzKFbfmzgetg5dDBfJpBOWfXj8mSUSFIRxr3fVcafwMK8MIp9NSL9FUYjLBQ9q1KHBEtZ/NI0/RhVX6aBAr+4RBc/XvRYYjrdMotJsRNiO96s3Efz05SjUj2no5Lecwg1s/Y0ImhgqyiDFIODIxmrWD+kxRYnhqARPF7E8QGWGFibEdlmxF3moh69C6qnluzXu4rtTdvKwinME5VMGDG6jDPTSgCQRieIFXeHOenXfnw/lcrBac/OYUlsb5+gWMQJ1M</latexit><latexit sha1_base64="GMcPgsU/+kdASo2RbhXUTGOa2BU=">AAACEHicbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFty4rGB/oB2GTJq2aTOZkGSEYehLCG71NdyJW9/At/ARTNtZ2NYLgY9z7oWTE0rOtHHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2Hk7uZ336iSrNYPJpUUj/CQ8EGjGBjpW5PahaMq0kwvgzKFbfmzgetg5dDBfJpBOWfXj8mSUSFIRxr3fVcafwMK8MIp9NSL9FUYjLBQ9q1KHBEtZ/NI0/RhVX6aBAr+4RBc/XvRYYjrdMotJsRNiO96s3Efz05SjUj2no5Lecwg1s/Y0ImhgqyiDFIODIxmrWD+kxRYnhqARPF7E8QGWGFibEdlmxF3moh69C6qnluzXu4rtTdvKwinME5VMGDG6jDPTSgCQRieIFXeHOenXfnw/lcrBac/OYUlsb5+gWMQJ1M</latexit><latexit sha1_base64="GMcPgsU/+kdASo2RbhXUTGOa2BU=">AAACEHicbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFty4rGB/oB2GTJq2aTOZkGSEYehLCG71NdyJW9/At/ARTNtZ2NYLgY9z7oWTE0rOtHHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2Hk7uZ336iSrNYPJpUUj/CQ8EGjGBjpW5PahaMq0kwvgzKFbfmzgetg5dDBfJpBOWfXj8mSUSFIRxr3fVcafwMK8MIp9NSL9FUYjLBQ9q1KHBEtZ/NI0/RhVX6aBAr+4RBc/XvRYYjrdMotJsRNiO96s3Efz05SjUj2no5Lecwg1s/Y0ImhgqyiDFIODIxmrWD+kxRYnhqARPF7E8QGWGFibEdlmxF3moh69C6qnluzXu4rtTdvKwinME5VMGDG6jDPTSgCQRieIFXeHOenXfnw/lcrBac/OYUlsb5+gWMQJ1M</latexit><latexit sha1_base64="GMcPgsU/+kdASo2RbhXUTGOa2BU=">AAACEHicbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFty4rGB/oB2GTJq2aTOZkGSEYehLCG71NdyJW9/At/ARTNtZ2NYLgY9z7oWTE0rOtHHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2Hk7uZ336iSrNYPJpUUj/CQ8EGjGBjpW5PahaMq0kwvgzKFbfmzgetg5dDBfJpBOWfXj8mSUSFIRxr3fVcafwMK8MIp9NSL9FUYjLBQ9q1KHBEtZ/NI0/RhVX6aBAr+4RBc/XvRYYjrdMotJsRNiO96s3Efz05SjUj2no5Lecwg1s/Y0ImhgqyiDFIODIxmrWD+kxRYnhqARPF7E8QGWGFibEdlmxF3moh69C6qnluzXu4rtTdvKwinME5VMGDG6jDPTSgCQRieIFXeHOenXfnw/lcrBac/OYUlsb5+gWMQJ1M</latexit>

We will compute the correlator by performing a path integral over time

reparametrizations        weighted by the Schwarzian action t(u)

<latexit sha1_base64="pKy74xcsxGd/dr/celQYLSpcId0=">AAACCXicbZDNSsNAFIVv6l+tf1WXbgaLUDclEUGXBTcuK5i20IYymU6aoZNJmJkIIfQJBLf6Gu7ErU/hW/gITtMsbOuFgY9z7oUzx084U9q2v63KxubW9k51t7a3f3B4VD8+6ao4lYS6JOax7PtYUc4EdTXTnPYTSXHkc9rzp3dzv/dEpWKxeNRZQr0ITwQLGMG6kJrp5ajesFt2MWgdnBIaUE5nVP8ZjmOSRlRowrFSA8dOtJdjqRnhdFYbpoommEzxhA4MChxR5eVF1hm6MMoYBbE0T2hUqH8vchwplUW+2YywDtWqNxf/9ZIwU4wo45W0nEMHt17ORJJqKsgiRpBypGM0rwWNmaRE88wAJpKZnyASYomJNuXVTEXOaiHr0L1qOXbLebhutO2yrCqcwTk0wYEbaMM9dMAFAiG8wCu8Wc/Wu/VhfS5WK1Z5cwpLY339Au3nmkA=</latexit><latexit sha1_base64="pKy74xcsxGd/dr/celQYLSpcId0=">AAACCXicbZDNSsNAFIVv6l+tf1WXbgaLUDclEUGXBTcuK5i20IYymU6aoZNJmJkIIfQJBLf6Gu7ErU/hW/gITtMsbOuFgY9z7oUzx084U9q2v63KxubW9k51t7a3f3B4VD8+6ao4lYS6JOax7PtYUc4EdTXTnPYTSXHkc9rzp3dzv/dEpWKxeNRZQr0ITwQLGMG6kJrp5ajesFt2MWgdnBIaUE5nVP8ZjmOSRlRowrFSA8dOtJdjqRnhdFYbpoommEzxhA4MChxR5eVF1hm6MMoYBbE0T2hUqH8vchwplUW+2YywDtWqNxf/9ZIwU4wo45W0nEMHt17ORJJqKsgiRpBypGM0rwWNmaRE88wAJpKZnyASYomJNuXVTEXOaiHr0L1qOXbLebhutO2yrCqcwTk0wYEbaMM9dMAFAiG8wCu8Wc/Wu/VhfS5WK1Z5cwpLY339Au3nmkA=</latexit><latexit sha1_base64="pKy74xcsxGd/dr/celQYLSpcId0=">AAACCXicbZDNSsNAFIVv6l+tf1WXbgaLUDclEUGXBTcuK5i20IYymU6aoZNJmJkIIfQJBLf6Gu7ErU/hW/gITtMsbOuFgY9z7oUzx084U9q2v63KxubW9k51t7a3f3B4VD8+6ao4lYS6JOax7PtYUc4EdTXTnPYTSXHkc9rzp3dzv/dEpWKxeNRZQr0ITwQLGMG6kJrp5ajesFt2MWgdnBIaUE5nVP8ZjmOSRlRowrFSA8dOtJdjqRnhdFYbpoommEzxhA4MChxR5eVF1hm6MMoYBbE0T2hUqH8vchwplUW+2YywDtWqNxf/9ZIwU4wo45W0nEMHt17ORJJqKsgiRpBypGM0rwWNmaRE88wAJpKZnyASYomJNuXVTEXOaiHr0L1qOXbLebhutO2yrCqcwTk0wYEbaMM9dMAFAiG8wCu8Wc/Wu/VhfS5WK1Z5cwpLY339Au3nmkA=</latexit><latexit sha1_base64="pKy74xcsxGd/dr/celQYLSpcId0=">AAACCXicbZDNSsNAFIVv6l+tf1WXbgaLUDclEUGXBTcuK5i20IYymU6aoZNJmJkIIfQJBLf6Gu7ErU/hW/gITtMsbOuFgY9z7oUzx084U9q2v63KxubW9k51t7a3f3B4VD8+6ao4lYS6JOax7PtYUc4EdTXTnPYTSXHkc9rzp3dzv/dEpWKxeNRZQr0ITwQLGMG6kJrp5ajesFt2MWgdnBIaUE5nVP8ZjmOSRlRowrFSA8dOtJdjqRnhdFYbpoommEzxhA4MChxR5eVF1hm6MMoYBbE0T2hUqH8vchwplUW+2YywDtWqNxf/9ZIwU4wo45W0nEMHt17ORJJqKsgiRpBypGM0rwWNmaRE88wAJpKZnyASYomJNuXVTEXOaiHr0L1qOXbLebhutO2yrCqcwTk0wYEbaMM9dMAFAiG8wCu8Wc/Wu/VhfS5WK1Z5cwpLY339Au3nmkA=</latexit>

F6 = N
Z

[Dt] eiS[t(u)] G�1(u1, u
0
1)G�2(u2, u

0
2)G�j (uj , u

0
j)

<latexit sha1_base64="spRdDx683UqTt78Ky6pdkbidBZs="></latexit><latexit sha1_base64="spRdDx683UqTt78Ky6pdkbidBZs="></latexit><latexit sha1_base64="spRdDx683UqTt78Ky6pdkbidBZs="></latexit><latexit sha1_base64="spRdDx683UqTt78Ky6pdkbidBZs="></latexit>
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<latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="j4mXYoNGTp81F5Y2VJSr/gJ14LU=">AAAB93icbZDLSsNAGIX/1FuNVevazWARXJXEjS4FNy4r2Au0oUwmf9qhk0mYmRRC6NaFW1/DnfgwvoWP4LTNwrYeGDicMwNnvjATXBvP+3Zqe/sHh0f1Y/ek4Z6enTcbPZ3mimGXpSJVg5BqFFxi13AjcJAppEkosB/OHpd9f45K81S+mCLDIKETyWPOqLFRZ9xseW1vJbJr/Mq0oNK4+TOKUpYnKA0TVOuh72UmKKkynAlcuKNcY0bZjE5waK2kCeqgXM1ckGubRCROlT3SkFX690VJE62LJLQ3E2qmertbhv922bTQnGnbVW5zh4nvg5LLLDco2XpGnAtiUrIkQiKukBlRWEOZ4vYnhE2posxYbq4l5G/z2DW927bvtf1nD+pwCVdwAz7cwQM8QQe6wCCCN3h3Xp0P53NNsuZUSC9gQ87XL9+4lpA=</latexit><latexit sha1_base64="cXJNMiZWYcesHxHDHQmbXmQT/F0="></latexit><latexit sha1_base64="cXJNMiZWYcesHxHDHQmbXmQT/F0="></latexit><latexit sha1_base64="JPbAIZP6bSuCbZEUpS+lGBm7I1A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit><latexit sha1_base64="sa2VzC2WZDHOFtYwEer49KA7T+A="></latexit>

Integral representation of the correlator with large      :a, b
<latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit><latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit><latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit><latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit>

Saddle point approximation: 
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<latexit sha1_base64="fO0V2XxJsA0hCushRPxtqqBpnfk="></latexit><latexit sha1_base64="fO0V2XxJsA0hCushRPxtqqBpnfk="></latexit><latexit sha1_base64="fO0V2XxJsA0hCushRPxtqqBpnfk="></latexit><latexit sha1_base64="fO0V2XxJsA0hCushRPxtqqBpnfk="></latexit>

Geodesic approximation: 
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<latexit sha1_base64="O8qU3MlMqPxt7YFIvYMgfmmx1YE="></latexit><latexit sha1_base64="O8qU3MlMqPxt7YFIvYMgfmmx1YE="></latexit><latexit sha1_base64="O8qU3MlMqPxt7YFIvYMgfmmx1YE="></latexit><latexit sha1_base64="O8qU3MlMqPxt7YFIvYMgfmmx1YE="></latexit>

Result

With large      , the correlator     is only a function of a, b
<latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit><latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit><latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit><latexit sha1_base64="HjhE15KTpS+apSP5LvtVcSCiyUA=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4EJKRgRdFty4rGBboR1KJs10QjOZIckIw9AnENzqa7gTtz6Fb+EjmGlnYVsvBD7OuRdOjp8Irg3G305lbX1jc6u6XdvZ3ds/qB8edXWcKso6NBaxevSJZoJL1jHcCPaYKEYiX7CeP7kt/N4TU5rH8sFkCfMiMpY84JSYQiIXyB/WG7iJZ4NWwS2hAeW0h/WfwSimacSkoYJo3XdxYrycKMOpYNPaINUsIXRCxqxvUZKIaS+fZZ2iM6uMUBAr+6RBM/XvRU4irbPIt5sRMaFe9grxXy8JM82ptl5JizlMcOPlXCapYZLOYwSpQCZGRS1oxBWjRmQWCFXc/gTRkChCjS2vZitylwtZhe5l08VN9/6q0cJlWVU4gVM4BxeuoQV30IYOUAjhBV7hzXl23p0P53O+WnHKm2NYGOfrF6crmhU=</latexit>

F6
<latexit sha1_base64="aymOCcdyyXBwHigKENUGNI6W3Z4=">AAACEnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKjLgiAuK9hWaIeSSTNtaCYTk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+HkBJIzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4TRWiLxDxWDwHWlDNBW4YZTh+kojgKOO0E4+vc7zxRpVks7k0qqR/hoWAhI9hYye9F2IwI5tnNpH/Rr9bcujsdtAxeATUoptmv/vQGMUkiKgzhWOuu50rjZ1gZRjidVHqJphKTMR7SrkWBI6r9bBp6gk6sMkBhrOwTBk3VvxcZjrROo8Bu5iH1opeL/3pylGpGtPUKms9hwis/Y0ImhgoyixEmHJkY5f2gAVOUGJ5awEQx+xNERlhhYmyLFVuRt1jIMrTP6p5b9+7Oaw23KKsMR3AMp+DBJTTgFprQAgKP8AKv8OY8O+/Oh/M5Wy05xc0hzI3z9QuRF55p</latexit><latexit sha1_base64="aymOCcdyyXBwHigKENUGNI6W3Z4=">AAACEnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKjLgiAuK9hWaIeSSTNtaCYTk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+HkBJIzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4TRWiLxDxWDwHWlDNBW4YZTh+kojgKOO0E4+vc7zxRpVks7k0qqR/hoWAhI9hYye9F2IwI5tnNpH/Rr9bcujsdtAxeATUoptmv/vQGMUkiKgzhWOuu50rjZ1gZRjidVHqJphKTMR7SrkWBI6r9bBp6gk6sMkBhrOwTBk3VvxcZjrROo8Bu5iH1opeL/3pylGpGtPUKms9hwis/Y0ImhgoyixEmHJkY5f2gAVOUGJ5awEQx+xNERlhhYmyLFVuRt1jIMrTP6p5b9+7Oaw23KKsMR3AMp+DBJTTgFprQAgKP8AKv8OY8O+/Oh/M5Wy05xc0hzI3z9QuRF55p</latexit><latexit sha1_base64="aymOCcdyyXBwHigKENUGNI6W3Z4=">AAACEnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKjLgiAuK9hWaIeSSTNtaCYTk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+HkBJIzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4TRWiLxDxWDwHWlDNBW4YZTh+kojgKOO0E4+vc7zxRpVks7k0qqR/hoWAhI9hYye9F2IwI5tnNpH/Rr9bcujsdtAxeATUoptmv/vQGMUkiKgzhWOuu50rjZ1gZRjidVHqJphKTMR7SrkWBI6r9bBp6gk6sMkBhrOwTBk3VvxcZjrROo8Bu5iH1opeL/3pylGpGtPUKms9hwis/Y0ImhgoyixEmHJkY5f2gAVOUGJ5awEQx+xNERlhhYmyLFVuRt1jIMrTP6p5b9+7Oaw23KKsMR3AMp+DBJTTgFprQAgKP8AKv8OY8O+/Oh/M5Wy05xc0hzI3z9QuRF55p</latexit><latexit sha1_base64="aymOCcdyyXBwHigKENUGNI6W3Z4=">AAACEnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKjLgiAuK9hWaIeSSTNtaCYTk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+HkBJIzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4TRWiLxDxWDwHWlDNBW4YZTh+kojgKOO0E4+vc7zxRpVks7k0qqR/hoWAhI9hYye9F2IwI5tnNpH/Rr9bcujsdtAxeATUoptmv/vQGMUkiKgzhWOuu50rjZ1gZRjidVHqJphKTMR7SrkWBI6r9bBp6gk6sMkBhrOwTBk3VvxcZjrROo8Bu5iH1opeL/3pylGpGtPUKms9hwis/Y0ImhgoyixEmHJkY5f2gAVOUGJ5awEQx+xNERlhhYmyLFVuRt1jIMrTP6p5b9+7Oaw23KKsMR3AMp+DBJTTgFprQAgKP8AKv8OY8O+/Oh/M5Wy05xc0hzI3z9QuRF55p</latexit>

twL + twR
<latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit>
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<latexit sha1_base64="RZIIYoEgoQM8/bxwCbVoGCn0dZ0="></latexit><latexit sha1_base64="RZIIYoEgoQM8/bxwCbVoGCn0dZ0="></latexit><latexit sha1_base64="RZIIYoEgoQM8/bxwCbVoGCn0dZ0="></latexit><latexit sha1_base64="RZIIYoEgoQM8/bxwCbVoGCn0dZ0="></latexit>

The size only grows for negative               . This is expected as there is

no collision for positive               .  

twL + twR
<latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit>

twL + twR
<latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit>

As we inject the perturbation earlier and               becomes more negative, 

the size starts to grow exponentially in                    . This is consistent with

the fact that the collision energy grows exponentially in                    .  

twL + twR
<latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit><latexit sha1_base64="Egk42AQ4jOYySHFbT7g5xVDhwiY=">AAACEnicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLgxoWLKvYBbSiT6aQdOpnEmYkSQv5CcKu/4U7c+gP+hZ/gpM3Cth4Y5nDOvXDu8SLOlLbtb2tpeWV1bb20Ud7c2t7Zreztt1QYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja9yv/1IpWKhuNdJRN0ADwXzGcHaSK7up0832Wn+3WX9StWu2ROgReIUpAoFGv3KT28QkjigQhOOleo6dqTdFEvNCKdZuRcrGmEyxkPaNVTggCo3nYTO0LFRBsgPpXlCo4n6dyPFgVJJ4JnJAOuRmvdy8V8vGiWKEWW8gs3m0P6lmzIRxZoKMo3hxxzpEOX9oAGTlGieGIKJZOYSREZYYqJNi2VTkTNfyCJpndUcu+bcnlfrdlFWCQ7hCE7AgQuowzU0oAkEHuAFXuHNerberQ/rczq6ZBU7BzAD6+sXAKOerQ==</latexit>

�2⇡

�
(twL + twR)

<latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit><latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit><latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit><latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit>

�2⇡

�
(twL + twR)

<latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit><latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit><latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit><latexit sha1_base64="dA/UibGGchPBFYdyrQUNCQeWwxg=">AAACKXicbZDLSsNAFIYn9VbrLerSTWgRKmJJiqDLghsXLqrYCzSlTKaTdujkwsyJEkL2vovgVl/Dnbr1BXwEJ20WtvXAMB//fw6c8zshZxJM81MrrKyurW8UN0tb2zu7e/r+QVsGkSC0RQIeiK6DJeXMpy1gwGk3FBR7DqcdZ3KV+Z0HKiQL/HuIQ9r38MhnLiMYlDTQy2e2KzBJ6nbI0sR2KOC0CoPk8SY9zb679GSgV8yaOS1jGawcKiiv5kD/sYcBiTzqA+FYyp5lhtBPsABGOE1LdiRpiMkEj2hPoY89KvvJ9JbUOFbK0HADoZ4PxlT9O5FgT8rYc1Snh2EsF71M/NcLx7FkRCovp/k9wL3sJ8wPI6A+ma3hRtyAwMhiM4ZMUAI8VoCJYOoSg4yxSg5UuCUVkbUYyDK06zXLrFm355WGmYdVREeojKrIQheoga5RE7UQQU/oBb2iN+1Ze9c+tK9Za0HLZw7RXGnfv/Jsp3U=</latexit>

When                         , the size saturates at its maximal value. On the gravity

side, a large black hole has formed and the collision happens exponentially

close to the singularity. 

�(twL + twR) > 2t⇤
<latexit sha1_base64="LF6vT7kjPESkYgtFqqNUbTGOxnM=">AAACHHicbVDLSsNAFJ3UV62vqLhyEyxCVSxJEXQlBTcuXFSxD2hDmEwn7dDJg5kbpYT8iuBWf8OduBX8Cz/BSZuFtR4Y5nDOvXDucSPOJJjml1ZYWFxaXimultbWNza39O2dlgxjQWiThDwUHRdLyllAm8CA004kKPZdTtvu6Crz2w9USBYG9zCOqO3jQcA8RjAoydH3TivgJI836Un23aVHlzVwjh29bFbNCYx5YuWkjHI0HP271w9J7NMACMdSdi0zAjvBAhjhNC31YkkjTEZ4QLuKBtin0k4m8VPjUCl9wwuFegEYE/X3RoJ9Kce+qyZ9DEP518vEf71oOJaMSOXlbDYHeBd2woIoBhqQaQwv5gaERtaU0WeCEuBjRTARTF1ikCEWmIDqs6Qqsv4WMk9ataplVq3bs3LdzMsqon10gCrIQueojq5RAzURQQl6Ri/oVXvS3rR37WM6WtDynV00A+3zB/GaoRk=</latexit><latexit sha1_base64="LF6vT7kjPESkYgtFqqNUbTGOxnM=">AAACHHicbVDLSsNAFJ3UV62vqLhyEyxCVSxJEXQlBTcuXFSxD2hDmEwn7dDJg5kbpYT8iuBWf8OduBX8Cz/BSZuFtR4Y5nDOvXDucSPOJJjml1ZYWFxaXimultbWNza39O2dlgxjQWiThDwUHRdLyllAm8CA004kKPZdTtvu6Crz2w9USBYG9zCOqO3jQcA8RjAoydH3TivgJI836Un23aVHlzVwjh29bFbNCYx5YuWkjHI0HP271w9J7NMACMdSdi0zAjvBAhjhNC31YkkjTEZ4QLuKBtin0k4m8VPjUCl9wwuFegEYE/X3RoJ9Kce+qyZ9DEP518vEf71oOJaMSOXlbDYHeBd2woIoBhqQaQwv5gaERtaU0WeCEuBjRTARTF1ikCEWmIDqs6Qqsv4WMk9ataplVq3bs3LdzMsqon10gCrIQueojq5RAzURQQl6Ri/oVXvS3rR37WM6WtDynV00A+3zB/GaoRk=</latexit><latexit sha1_base64="LF6vT7kjPESkYgtFqqNUbTGOxnM=">AAACHHicbVDLSsNAFJ3UV62vqLhyEyxCVSxJEXQlBTcuXFSxD2hDmEwn7dDJg5kbpYT8iuBWf8OduBX8Cz/BSZuFtR4Y5nDOvXDucSPOJJjml1ZYWFxaXimultbWNza39O2dlgxjQWiThDwUHRdLyllAm8CA004kKPZdTtvu6Crz2w9USBYG9zCOqO3jQcA8RjAoydH3TivgJI836Un23aVHlzVwjh29bFbNCYx5YuWkjHI0HP271w9J7NMACMdSdi0zAjvBAhjhNC31YkkjTEZ4QLuKBtin0k4m8VPjUCl9wwuFegEYE/X3RoJ9Kce+qyZ9DEP518vEf71oOJaMSOXlbDYHeBd2woIoBhqQaQwv5gaERtaU0WeCEuBjRTARTF1ikCEWmIDqs6Qqsv4WMk9ataplVq3bs3LdzMsqon10gCrIQueojq5RAzURQQl6Ri/oVXvS3rR37WM6WtDynV00A+3zB/GaoRk=</latexit><latexit sha1_base64="LF6vT7kjPESkYgtFqqNUbTGOxnM=">AAACHHicbVDLSsNAFJ3UV62vqLhyEyxCVSxJEXQlBTcuXFSxD2hDmEwn7dDJg5kbpYT8iuBWf8OduBX8Cz/BSZuFtR4Y5nDOvXDucSPOJJjml1ZYWFxaXimultbWNza39O2dlgxjQWiThDwUHRdLyllAm8CA004kKPZdTtvu6Crz2w9USBYG9zCOqO3jQcA8RjAoydH3TivgJI836Un23aVHlzVwjh29bFbNCYx5YuWkjHI0HP271w9J7NMACMdSdi0zAjvBAhjhNC31YkkjTEZ4QLuKBtin0k4m8VPjUCl9wwuFegEYE/X3RoJ9Kce+qyZ9DEP518vEf71oOJaMSOXlbDYHeBd2woIoBhqQaQwv5gaERtaU0WeCEuBjRTARTF1ikCEWmIDqs6Qqsv4WMk9ataplVq3bs3LdzMsqon10gCrIQueojq5RAzURQQl6Ri/oVXvS3rR37WM6WtDynV00A+3zB/GaoRk=</latexit>

Size of the two-perturbation operator



Properties of a quantum circuit with overlapping perturbations

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>

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. 

Y.Z.   arXiv:1711.03125



Epidemic model: F 0
6(t1, t2) ⇡ F4(t1)F4(t2)

<latexit sha1_base64="1odEte1cuvfGY+u9MG6HQfWWwq4=">AAACSnicbVBNS8NAFNzU7/oV9ehlsYgtSElKUY9CQTwqWFtoSthst3Zxkyy7L2II/UH+F8Gr/RfiTby4qTnY1oEHw8x7MG8CKbgGx5lYpaXlldW19Y3y5tb2zq69t3+v40RR1qaxiFU3IJoJHrE2cBCsKxUjYSBYJ3hs5X7niSnN4+gOUsn6IXmI+JBTAkby7ZYXEhhRIrKrsX92UgXfPQW/UfOIlCp+xn/tZu7W5pVGzbcrTt2ZAi8StyAVVODGtz+8QUyTkEVABdG65zoS+hlRwKlg47KXaCYJfSQPrGdoREKm+9n02TE+NsoAD2NlJgI8Vf9eZCTUOg0Ds5kn1fNeLv7ryVGqOdXGK9hsDhhe9DMeyQRYRH9jDBOBIcZ5r3jAFaMgUkMIVdx8gumIKELBtF82FbnzhSyS+0bdderubbNy6RRlraNDdISqyEXn6BJdoxvURhS9oDf0jibWq/VpfVnfv6slq7g5QDMoLf8AFpWyMw==</latexit><latexit sha1_base64="1odEte1cuvfGY+u9MG6HQfWWwq4=">AAACSnicbVBNS8NAFNzU7/oV9ehlsYgtSElKUY9CQTwqWFtoSthst3Zxkyy7L2II/UH+F8Gr/RfiTby4qTnY1oEHw8x7MG8CKbgGx5lYpaXlldW19Y3y5tb2zq69t3+v40RR1qaxiFU3IJoJHrE2cBCsKxUjYSBYJ3hs5X7niSnN4+gOUsn6IXmI+JBTAkby7ZYXEhhRIrKrsX92UgXfPQW/UfOIlCp+xn/tZu7W5pVGzbcrTt2ZAi8StyAVVODGtz+8QUyTkEVABdG65zoS+hlRwKlg47KXaCYJfSQPrGdoREKm+9n02TE+NsoAD2NlJgI8Vf9eZCTUOg0Ds5kn1fNeLv7ryVGqOdXGK9hsDhhe9DMeyQRYRH9jDBOBIcZ5r3jAFaMgUkMIVdx8gumIKELBtF82FbnzhSyS+0bdderubbNy6RRlraNDdISqyEXn6BJdoxvURhS9oDf0jibWq/VpfVnfv6slq7g5QDMoLf8AFpWyMw==</latexit><latexit sha1_base64="1odEte1cuvfGY+u9MG6HQfWWwq4=">AAACSnicbVBNS8NAFNzU7/oV9ehlsYgtSElKUY9CQTwqWFtoSthst3Zxkyy7L2II/UH+F8Gr/RfiTby4qTnY1oEHw8x7MG8CKbgGx5lYpaXlldW19Y3y5tb2zq69t3+v40RR1qaxiFU3IJoJHrE2cBCsKxUjYSBYJ3hs5X7niSnN4+gOUsn6IXmI+JBTAkby7ZYXEhhRIrKrsX92UgXfPQW/UfOIlCp+xn/tZu7W5pVGzbcrTt2ZAi8StyAVVODGtz+8QUyTkEVABdG65zoS+hlRwKlg47KXaCYJfSQPrGdoREKm+9n02TE+NsoAD2NlJgI8Vf9eZCTUOg0Ds5kn1fNeLv7ryVGqOdXGK9hsDhhe9DMeyQRYRH9jDBOBIcZ5r3jAFaMgUkMIVdx8gumIKELBtF82FbnzhSyS+0bdderubbNy6RRlraNDdISqyEXn6BJdoxvURhS9oDf0jibWq/VpfVnfv6slq7g5QDMoLf8AFpWyMw==</latexit><latexit sha1_base64="1odEte1cuvfGY+u9MG6HQfWWwq4=">AAACSnicbVBNS8NAFNzU7/oV9ehlsYgtSElKUY9CQTwqWFtoSthst3Zxkyy7L2II/UH+F8Gr/RfiTby4qTnY1oEHw8x7MG8CKbgGx5lYpaXlldW19Y3y5tb2zq69t3+v40RR1qaxiFU3IJoJHrE2cBCsKxUjYSBYJ3hs5X7niSnN4+gOUsn6IXmI+JBTAkby7ZYXEhhRIrKrsX92UgXfPQW/UfOIlCp+xn/tZu7W5pVGzbcrTt2ZAi8StyAVVODGtz+8QUyTkEVABdG65zoS+hlRwKlg47KXaCYJfSQPrGdoREKm+9n02TE+NsoAD2NlJgI8Vf9eZCTUOg0Ds5kn1fNeLv7ryVGqOdXGK9hsDhhe9DMeyQRYRH9jDBOBIcZ5r3jAFaMgUkMIVdx8gumIKELBtF82FbnzhSyS+0bdderubbNy6RRlraNDdISqyEXn6BJdoxvURhS9oDf0jibWq/VpfVnfv6slq7g5QDMoLf8AFpWyMw==</latexit>

F 0
6(t1, t2) ⌘ 1� n1[ 1(�t1)⇢

1
2 2(t2)]� n1[⇢

1
2 ]

nmax � n1[⇢
1
2 ]

<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>

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>

Estimating the number of healthy gates in the overlap region

F4
<latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit><latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit><latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit><latexit sha1_base64="dcUJ8sKmt7p9ktnnzmAbkyIBPRA=">AAACEnicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlQRCXFewPtEPJpJk2NJMZk4wwDH0Lwa2+hjtx6wv4Fj6CmXYWtvVC4OOce+Hk+LHg2jjONyqtrW9sbpW3Kzu7e/sH1cOjto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yU3ud56Y0jySDyaNmReSkeQBp8RYyeuHxIwpEdntdHA5qNacujMbvApuATUopjmo/vSHEU1CJg0VROue68TGy4gynAo2rfQTzWJCJ2TEehYlCZn2slnoKT6zyhAHkbJPGjxT/15kJNQ6DX27mYfUy14u/uvF41Rzqq1X0GIOE1x7GZdxYpik8xhBIrCJcN4PHnLFqBGpBUIVtz/BdEwUoca2WLEVucuFrEL7ou46dff+stZwirLKcAKncA4uXEED7qAJLaDwCC/wCm/oGb2jD/Q5Xy2h4uYYFgZ9/QKN055n</latexit>

Recall that      is the probability of a gate being healthy with one perturbation.

F 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>

depends on both times     and  t1
<latexit sha1_base64="c+m98Oj5GXzGaSB+ctxFpVJIXaA=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQdOpmEmRshhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtolTzXiLxTLWjwE1XArFWyhQ8sdEcxoFkneC8c3U7zxxbUSsHjBLuB/RoRKhYBStdI99r1+tuXV3NmQVvAJqUEyzX/3pDWKWRlwhk9SYrucm6OdUo2CSTyq91PCEsjEd8q5FRSNu/HwWdULOrDIgYaztU0hm6t+LnEbGZFFgNyOKI7PsTcV/vWSUGcGM9QpazIHhtZ8LlaTIFZvHCFNJMCbTVshAaM5QZhYo08L+hLAR1ZSh7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/b9uaAA==</latexit><latexit sha1_base64="c+m98Oj5GXzGaSB+ctxFpVJIXaA=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQdOpmEmRshhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtolTzXiLxTLWjwE1XArFWyhQ8sdEcxoFkneC8c3U7zxxbUSsHjBLuB/RoRKhYBStdI99r1+tuXV3NmQVvAJqUEyzX/3pDWKWRlwhk9SYrucm6OdUo2CSTyq91PCEsjEd8q5FRSNu/HwWdULOrDIgYaztU0hm6t+LnEbGZFFgNyOKI7PsTcV/vWSUGcGM9QpazIHhtZ8LlaTIFZvHCFNJMCbTVshAaM5QZhYo08L+hLAR1ZSh7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/b9uaAA==</latexit><latexit sha1_base64="c+m98Oj5GXzGaSB+ctxFpVJIXaA=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQdOpmEmRshhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtolTzXiLxTLWjwE1XArFWyhQ8sdEcxoFkneC8c3U7zxxbUSsHjBLuB/RoRKhYBStdI99r1+tuXV3NmQVvAJqUEyzX/3pDWKWRlwhk9SYrucm6OdUo2CSTyq91PCEsjEd8q5FRSNu/HwWdULOrDIgYaztU0hm6t+LnEbGZFFgNyOKI7PsTcV/vWSUGcGM9QpazIHhtZ8LlaTIFZvHCFNJMCbTVshAaM5QZhYo08L+hLAR1ZSh7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/b9uaAA==</latexit><latexit sha1_base64="c+m98Oj5GXzGaSB+ctxFpVJIXaA=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRdsKbSiT6aQdOpmEmRshhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjtolTzXiLxTLWjwE1XArFWyhQ8sdEcxoFkneC8c3U7zxxbUSsHjBLuB/RoRKhYBStdI99r1+tuXV3NmQVvAJqUEyzX/3pDWKWRlwhk9SYrucm6OdUo2CSTyq91PCEsjEd8q5FRSNu/HwWdULOrDIgYaztU0hm6t+LnEbGZFFgNyOKI7PsTcV/vWSUGcGM9QpazIHhtZ8LlaTIFZvHCFNJMCbTVshAaM5QZhYo08L+hLAR1ZSh7a5iK/KWC1mF9kXdc+ve3WWt4RZlleEETuEcPLiCBtxCE1rAYAgv8ApvzrPz7nw4n/PVklPcHMPCOF+/b9uaAA==</latexit>

t2
<latexit sha1_base64="UwHbipTEfSMvTfJlDy0orfCNwNU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokRdBlwY3LivYH2lAm02k7dDIJMzdCCH0Bwa2+hjtx61v4Fj6C0zYL23ph4OOce+HMCWIpDLrut1PY2Nza3inulvb2Dw6PyscnLRMlmvEmi2SkOwE1XArFmyhQ8k6sOQ0DydvB5Hbmt5+4NiJSj5jG3A/pSImhYBSt9ID9Wr9ccavufMg6eDlUIJ9Gv/zTG0QsCblCJqkxXc+N0c+oRsEkn5Z6ieExZRM64l2Liobc+Nk86pRcWGVAhpG2TyGZq38vMhoak4aB3Qwpjs2qNxP/9eJxagQz1stpOQcOb/xMqDhBrtgixjCRBCMya4UMhOYMZWqBMi3sTwgbU00Z2u5KtiJvtZB1aNWqnlv17q8qdTcvqwhncA6X4ME11OEOGtAEBiN4gVd4c56dd+fD+VysFpz85hSWxvn6BXF9mgE=</latexit><latexit sha1_base64="UwHbipTEfSMvTfJlDy0orfCNwNU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokRdBlwY3LivYH2lAm02k7dDIJMzdCCH0Bwa2+hjtx61v4Fj6C0zYL23ph4OOce+HMCWIpDLrut1PY2Nza3inulvb2Dw6PyscnLRMlmvEmi2SkOwE1XArFmyhQ8k6sOQ0DydvB5Hbmt5+4NiJSj5jG3A/pSImhYBSt9ID9Wr9ccavufMg6eDlUIJ9Gv/zTG0QsCblCJqkxXc+N0c+oRsEkn5Z6ieExZRM64l2Liobc+Nk86pRcWGVAhpG2TyGZq38vMhoak4aB3Qwpjs2qNxP/9eJxagQz1stpOQcOb/xMqDhBrtgixjCRBCMya4UMhOYMZWqBMi3sTwgbU00Z2u5KtiJvtZB1aNWqnlv17q8qdTcvqwhncA6X4ME11OEOGtAEBiN4gVd4c56dd+fD+VysFpz85hSWxvn6BXF9mgE=</latexit><latexit sha1_base64="UwHbipTEfSMvTfJlDy0orfCNwNU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokRdBlwY3LivYH2lAm02k7dDIJMzdCCH0Bwa2+hjtx61v4Fj6C0zYL23ph4OOce+HMCWIpDLrut1PY2Nza3inulvb2Dw6PyscnLRMlmvEmi2SkOwE1XArFmyhQ8k6sOQ0DydvB5Hbmt5+4NiJSj5jG3A/pSImhYBSt9ID9Wr9ccavufMg6eDlUIJ9Gv/zTG0QsCblCJqkxXc+N0c+oRsEkn5Z6ieExZRM64l2Liobc+Nk86pRcWGVAhpG2TyGZq38vMhoak4aB3Qwpjs2qNxP/9eJxagQz1stpOQcOb/xMqDhBrtgixjCRBCMya4UMhOYMZWqBMi3sTwgbU00Z2u5KtiJvtZB1aNWqnlv17q8qdTcvqwhncA6X4ME11OEOGtAEBiN4gVd4c56dd+fD+VysFpz85hSWxvn6BXF9mgE=</latexit><latexit sha1_base64="UwHbipTEfSMvTfJlDy0orfCNwNU=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokRdBlwY3LivYH2lAm02k7dDIJMzdCCH0Bwa2+hjtx61v4Fj6C0zYL23ph4OOce+HMCWIpDLrut1PY2Nza3inulvb2Dw6PyscnLRMlmvEmi2SkOwE1XArFmyhQ8k6sOQ0DydvB5Hbmt5+4NiJSj5jG3A/pSImhYBSt9ID9Wr9ccavufMg6eDlUIJ9Gv/zTG0QsCblCJqkxXc+N0c+oRsEkn5Z6ieExZRM64l2Liobc+Nk86pRcWGVAhpG2TyGZq38vMhoak4aB3Qwpjs2qNxP/9eJxagQz1stpOQcOb/xMqDhBrtgixjCRBCMya4UMhOYMZWqBMi3sTwgbU00Z2u5KtiJvtZB1aNWqnlv17q8qdTcvqwhncA6X4ME11OEOGtAEBiN4gVd4c56dd+fD+VysFpz85hSWxvn6BXF9mgE=</latexit>
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Evaluation of the six point function      in Schwarzian:
F 0

6(t1, t2) = F4(t1)F4(t2)F6,conn.(t1, t2)
<latexit sha1_base64="YrZ2MZ3A28sWvtaB6C9Lz0Eml0U="></latexit><latexit sha1_base64="YrZ2MZ3A28sWvtaB6C9Lz0Eml0U="></latexit><latexit sha1_base64="YrZ2MZ3A28sWvtaB6C9Lz0Eml0U="></latexit><latexit sha1_base64="YrZ2MZ3A28sWvtaB6C9Lz0Eml0U="></latexit>

F 0
6

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

⇡ F4(t1)F4(t2)
<latexit sha1_base64="ZUyrrliMaZqvgDJHHDIaERxeZ+I=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgtSElKQZcFQVxWsA9oQphMJ+3QSTLMTMQQ+hP+i+BW/0LciVvBT3DSZmFbD1w4nHMvnHt8zqhUlvVurK1vbG5tl3bKu3v7B4fm0XFXxonApINjFou+jyRhNCIdRRUjfS4ICn1Gev7kOvd7D0RIGkf3KuXEDdEoogHFSGnJMy8cxLmIH6ETIjXGiGU3U69ZVZ5dW1YaNc+sWHVrBrhK7IJUQIG2Z/44wxgnIYkUZkjKgW1x5WZIKIoZmZadRBKO8ASNyEDTCIVEutnsqyk818oQBrHQEyk4U/9eZCiUMg19vZknlcteLv7r8XEqKZbaK9hiDhVcuRmNeKJIhOcxgoRBFcO8QDikgmDFUk0QFlR/AvEYCYSVrrmsK7KXC1kl3Ubdtur2XbPSsoqySuAUnIEqsMElaIFb0AYdgMETeAGv4M14Nj6MT+NrvrpmFDcnYAHG9y9uy6qW</latexit><latexit sha1_base64="ZUyrrliMaZqvgDJHHDIaERxeZ+I=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgtSElKQZcFQVxWsA9oQphMJ+3QSTLMTMQQ+hP+i+BW/0LciVvBT3DSZmFbD1w4nHMvnHt8zqhUlvVurK1vbG5tl3bKu3v7B4fm0XFXxonApINjFou+jyRhNCIdRRUjfS4ICn1Gev7kOvd7D0RIGkf3KuXEDdEoogHFSGnJMy8cxLmIH6ETIjXGiGU3U69ZVZ5dW1YaNc+sWHVrBrhK7IJUQIG2Z/44wxgnIYkUZkjKgW1x5WZIKIoZmZadRBKO8ASNyEDTCIVEutnsqyk818oQBrHQEyk4U/9eZCiUMg19vZknlcteLv7r8XEqKZbaK9hiDhVcuRmNeKJIhOcxgoRBFcO8QDikgmDFUk0QFlR/AvEYCYSVrrmsK7KXC1kl3Ubdtur2XbPSsoqySuAUnIEqsMElaIFb0AYdgMETeAGv4M14Nj6MT+NrvrpmFDcnYAHG9y9uy6qW</latexit><latexit sha1_base64="ZUyrrliMaZqvgDJHHDIaERxeZ+I=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgtSElKQZcFQVxWsA9oQphMJ+3QSTLMTMQQ+hP+i+BW/0LciVvBT3DSZmFbD1w4nHMvnHt8zqhUlvVurK1vbG5tl3bKu3v7B4fm0XFXxonApINjFou+jyRhNCIdRRUjfS4ICn1Gev7kOvd7D0RIGkf3KuXEDdEoogHFSGnJMy8cxLmIH6ETIjXGiGU3U69ZVZ5dW1YaNc+sWHVrBrhK7IJUQIG2Z/44wxgnIYkUZkjKgW1x5WZIKIoZmZadRBKO8ASNyEDTCIVEutnsqyk818oQBrHQEyk4U/9eZCiUMg19vZknlcteLv7r8XEqKZbaK9hiDhVcuRmNeKJIhOcxgoRBFcO8QDikgmDFUk0QFlR/AvEYCYSVrrmsK7KXC1kl3Ubdtur2XbPSsoqySuAUnIEqsMElaIFb0AYdgMETeAGv4M14Nj6MT+NrvrpmFDcnYAHG9y9uy6qW</latexit><latexit sha1_base64="ZUyrrliMaZqvgDJHHDIaERxeZ+I=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgtSElKQZcFQVxWsA9oQphMJ+3QSTLMTMQQ+hP+i+BW/0LciVvBT3DSZmFbD1w4nHMvnHt8zqhUlvVurK1vbG5tl3bKu3v7B4fm0XFXxonApINjFou+jyRhNCIdRRUjfS4ICn1Gev7kOvd7D0RIGkf3KuXEDdEoogHFSGnJMy8cxLmIH6ETIjXGiGU3U69ZVZ5dW1YaNc+sWHVrBrhK7IJUQIG2Z/44wxgnIYkUZkjKgW1x5WZIKIoZmZadRBKO8ASNyEDTCIVEutnsqyk818oQBrHQEyk4U/9eZCiUMg19vZknlcteLv7r8XEqKZbaK9hiDhVcuRmNeKJIhOcxgoRBFcO8QDikgmDFUk0QFlR/AvEYCYSVrrmsK7KXC1kl3Ubdtur2XbPSsoqySuAUnIEqsMElaIFb0AYdgMETeAGv4M14Nj6MT+NrvrpmFDcnYAHG9y9uy6qW</latexit>
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<latexit sha1_base64="23yk3zW8F7Xbb3CB6mw5CNGlTAg="></latexit><latexit sha1_base64="23yk3zW8F7Xbb3CB6mw5CNGlTAg="></latexit><latexit sha1_base64="23yk3zW8F7Xbb3CB6mw5CNGlTAg="></latexit><latexit sha1_base64="23yk3zW8F7Xbb3CB6mw5CNGlTAg="></latexit>

z1 =
e�t1

8 sin �1
, z2 =

e�t2

8 sin �2
<latexit sha1_base64="nwGilpSr6SHs/6GY8Ub8F5VlEnI="></latexit><latexit sha1_base64="nwGilpSr6SHs/6GY8Ub8F5VlEnI="></latexit><latexit sha1_base64="nwGilpSr6SHs/6GY8Ub8F5VlEnI="></latexit><latexit sha1_base64="nwGilpSr6SHs/6GY8Ub8F5VlEnI="></latexit>

where

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>
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<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>
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Nhealthy

S
(�t)

<latexit sha1_base64="x77kI9SBvFPqUVGaUinfg264IOM=">AAACLnicbZBNS8NAEIY3flu/qh69LBaxXkoigl4EQQ+epKJtBVPKZjsxi5sPdidiCPkJ/hfBq/4NwYN49ehPcNvmoNaBgYf3nYGZ10uk0Gjbb9bE5NT0zOzcfGVhcWl5pbq61tZxqji0eCxjdeUxDVJE0EKBEq4SBSz0JHS82+OB37kDpUUcXWKWQDdkN5HwBWdopF51+9D1FeP5WS93Ee4xD4BJDLKiKPKLou6egERGcadXrdkNe1h0HJwSaqSsZq/65fZjnoYQIZdM62vHTrCbM4WCSygqbqohYfyW3cC1wYiFoLv58KGCbhmlT/1YmY6QDtWfGzkLtc5Cz0yGDAP91xuI/3pJkGnBtfFK+n0H+gfdXERJihDx0Rl+KinGdJAd7QsFHGVmgHElzCeUB8zEhybhionI+RvIOLR3G47dcM73akd2GdYc2SCbpE4csk+OyClpkhbh5IE8kWfyYj1ar9a79TEanbDKnXXyq6zPb6rjqeU=</latexit><latexit sha1_base64="x77kI9SBvFPqUVGaUinfg264IOM=">AAACLnicbZBNS8NAEIY3flu/qh69LBaxXkoigl4EQQ+epKJtBVPKZjsxi5sPdidiCPkJ/hfBq/4NwYN49ehPcNvmoNaBgYf3nYGZ10uk0Gjbb9bE5NT0zOzcfGVhcWl5pbq61tZxqji0eCxjdeUxDVJE0EKBEq4SBSz0JHS82+OB37kDpUUcXWKWQDdkN5HwBWdopF51+9D1FeP5WS93Ee4xD4BJDLKiKPKLou6egERGcadXrdkNe1h0HJwSaqSsZq/65fZjnoYQIZdM62vHTrCbM4WCSygqbqohYfyW3cC1wYiFoLv58KGCbhmlT/1YmY6QDtWfGzkLtc5Cz0yGDAP91xuI/3pJkGnBtfFK+n0H+gfdXERJihDx0Rl+KinGdJAd7QsFHGVmgHElzCeUB8zEhybhionI+RvIOLR3G47dcM73akd2GdYc2SCbpE4csk+OyClpkhbh5IE8kWfyYj1ar9a79TEanbDKnXXyq6zPb6rjqeU=</latexit><latexit sha1_base64="x77kI9SBvFPqUVGaUinfg264IOM=">AAACLnicbZBNS8NAEIY3flu/qh69LBaxXkoigl4EQQ+epKJtBVPKZjsxi5sPdidiCPkJ/hfBq/4NwYN49ehPcNvmoNaBgYf3nYGZ10uk0Gjbb9bE5NT0zOzcfGVhcWl5pbq61tZxqji0eCxjdeUxDVJE0EKBEq4SBSz0JHS82+OB37kDpUUcXWKWQDdkN5HwBWdopF51+9D1FeP5WS93Ee4xD4BJDLKiKPKLou6egERGcadXrdkNe1h0HJwSaqSsZq/65fZjnoYQIZdM62vHTrCbM4WCSygqbqohYfyW3cC1wYiFoLv58KGCbhmlT/1YmY6QDtWfGzkLtc5Cz0yGDAP91xuI/3pJkGnBtfFK+n0H+gfdXERJihDx0Rl+KinGdJAd7QsFHGVmgHElzCeUB8zEhybhionI+RvIOLR3G47dcM73akd2GdYc2SCbpE4csk+OyClpkhbh5IE8kWfyYj1ar9a79TEanbDKnXXyq6zPb6rjqeU=</latexit><latexit sha1_base64="x77kI9SBvFPqUVGaUinfg264IOM=">AAACLnicbZBNS8NAEIY3flu/qh69LBaxXkoigl4EQQ+epKJtBVPKZjsxi5sPdidiCPkJ/hfBq/4NwYN49ehPcNvmoNaBgYf3nYGZ10uk0Gjbb9bE5NT0zOzcfGVhcWl5pbq61tZxqji0eCxjdeUxDVJE0EKBEq4SBSz0JHS82+OB37kDpUUcXWKWQDdkN5HwBWdopF51+9D1FeP5WS93Ee4xD4BJDLKiKPKLou6egERGcadXrdkNe1h0HJwSaqSsZq/65fZjnoYQIZdM62vHTrCbM4WCSygqbqohYfyW3cC1wYiFoLv58KGCbhmlT/1YmY6QDtWfGzkLtc5Cz0yGDAP91xuI/3pJkGnBtfFK+n0H+gfdXERJihDx0Rl+KinGdJAd7QsFHGVmgHElzCeUB8zEhybhionI+RvIOLR3G47dcM73akd2GdYc2SCbpE4csk+OyClpkhbh5IE8kWfyYj1ar9a79TEanbDKnXXyq6zPb6rjqeU=</latexit>



Post-collision region: A larger black hole forms
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<latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit><latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit><latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit><latexit sha1_base64="6Km6lTXTOlholMWI2MyylerFWmM="></latexit>
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�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
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Spacetime volume of post-collision region

in BTZ black hole
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Computing the spacetime volume in the post-collision region
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Comparison of the total number of healthy gates in the overlap 
region                and the spacetime volume of post collision region                                Nhealthy(�t)
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Unanswered questions

Our story is only sensitive to the portion of trajectory of infalling 
object when it is close to the horizon. From the picture of neutral 
black holes, one tends to say that at the singularity the 
perturbation has smallest size and becomes simple, but this 
picture doesn’t work for charged black holes. 

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



If we want to use the growth of size to diagnose the interior 
property, how to incorporate the microstate information in the 
definition of size? Felix Haehl, Y.Z.   arXiv:2102.05697

A. Kar, L. Lamprou, M. Rozali, J. Sully   arXiv:2106.02046

How broadly does this “meeting” occur in general quantum 
systems? We expect the discussion holds when the system has 
a bulk dual. For more general quantum systems, the meaning of

“meeting” is not clear, but we expect it should be as general as 
the notion of ER = EPR. 



Thank you.


