
Wormholes and 
holographic decoherence

Norihiro Iizuka
Osaka U.

2021/Mar/4th



Talk based on 

• arXiv:2012.03514v2, accepted by JHEP
• Collaborations w/ Takanori Anegawa,      

Kotaro Tamaoka, Tomonori Ugajin



Talk based on 

• arXiv:2012.03514v2, accepted by JHEP
• Collaborations w/ Takanori Anegawa,      

Kotaro Tamaoka, Tomonori Ugajin



Talk based on 

• arXiv:2012.03514v2, accepted by JHEP
• Collaborations w/ Takanori Anegawa,      

Kotaro Tamaoka, Tomonori Ugajin



Takanori Anegawa M2 Student @ Osaka U.



Today’s contents

• Introduction and key question

• Cooking recipes for wormholes

• Moduli parameter evolutions for decoherence 

• Main results



Introduction

• Wormholes are interesting ‘saddle points’ in 
gravity path integral 



Introduction

• Even though they play interesting roles in 
phenomenology (see arXiv:1807.00824), the 
main focus in today’s talk is the implication of 
spacelike wormhole for holography



Van Raamsdoonk’s view and ER=EPR

• Quantum entanglement is an indispensable 
ingredient for the emergence of smooth
geometry in the semi-classical limit of gravity

• In other words, without quantum 
entanglement, we might have only 
disconnected geometries, instead of smooth 
connected geometry

Van Raamsdonk
Maldacena-Susskind



Thermo-field double = ER bridge 

Israel, Maldacena, Balasubramanian-Kraus-Lawrence-Trivedi
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Ryu-Takayanagi-surface
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Van Raamsdonk, Maldacena-Susskind

Small RT surface (= entanglement entropy)

Large RT surface (= entanglement entropy)



Our question

• On the other hand, correlation is not always
induced quantum mechanically, and it might
be possible that classical correlation can
induce similar effects (smooth connected
geometry).

• The main question in this talk is; instead of 
quantum entanglement, can classical
correlation have such a smooth geometric
description in dual gravity?  

Verlinde



Our idea

• To understanad this, we consider following 
decoherence process;

• Start with an entangled state, which is dual to 
smooth connected wormhole



Our idea

• Now we disturb the system to destroy the 
entanglement (i.e., decoherence process)

• We do this decoherence by attaching the 
sysmtem to external d.o.f. (which is heat bath/ 
environment)





Heat bath

Heat bath



Our setup

• Let us start from an AdS eternal black hole. 
The ER bridge of the eternal black hole is
induced purely by quantum entanglement, 
since this two-sided eternal black hole is dual 
to a thermo-field double state on a bipartite 
system. 

• Let us call this bi-partite system as A and B. 



Heat bath

Heat bath
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Our setup

• We then prepare an auxiliary bipartite system 
Aʹ and Bʹ which is again modeled by another
eternal black hole. 

• This auxiliary bipartite system Aʹ and Bʹ plays
the role of heat bathes/environment. 
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Our setup

• We then attach this auxiliary black hole (Aʹ 
and Bʹ) to the original two sided black hole (A 
and B) and allow the energy flow from A to Aʹ, 
and similarly, from B to Bʹ. 

• In the dual conformal field theory point of 
view, this process induces equilibration
between A and Aʹ and similarly B and Bʹ and 
simultaneously, induces decoherence
between A and B. 



<latexit sha1_base64="LGGMefKdRsOfIMgdoJtm7MVgsEo=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeoF48JmAckS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfh+5refUGkey0czSdCP6FDykDNqrNS47ZcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XaXZ5QEU7gFM7Bg2uowQPUoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w8cTZUi</latexit>

A
<latexit sha1_base64="/UnD7LGN7Vvp3CSx8t2ejVNk9AE=">AAAB+3icbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY8ELx4hESSBDZkdGpgwO7uZ6TUhm/0Cr/oF3oxXP8YP8D8cYA8CVtJJpao73V1BLIVB1/12ChubW9s7xd3S3v7B4VH5+KRtokRzaPFIRroTMANSKGihQAmdWAMLAwlPweR+5j89gzYiUo84jcEP2UiJoeAMrdSs98sVt+rOQdeJl5MKydHol396g4gnISjkkhnT9dwY/ZRpFFxCVuolBmLGJ2wEXUsVC8H46fzQjF5YZUCHkbalkM7VvxMpC42ZhoHtDBmOzao3E//zugkO7/xUqDhBUHyxaJhIihGdfU0HQgNHObWEcS3srZSPmWYcbTZLWwLNJoCZzcVbTWGdtK+q3k3VbV5XavU8oSI5I+fkknjkltTIA2mQFuEEyAt5JW9O5rw7H87norXg5DOnZAnO1y8d5JUj</latexit>

B

Heat bath

<latexit sha1_base64="a8QCV5R0PdgSn3fNwatMhV9XvXk=">AAACAnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMeoF48RzAOSNcxOepMhM7vLTK8QQm5+gVf9Am/i1R/xA/wPJ8keTGJBQ1HVTXdXkEhh0HW/ndzK6tr6Rn6zsLW9s7tX3D+omzjVHGo8lrFuBsyAFBHUUKCEZqKBqUBCIxjcTvzGE2gj4ugBhwn4ivUiEQrO0ErN68d2ooWCTrHklt0p6DLxMlIiGaqd4k+7G/NUQYRcMmNanpugP2IaBZcwLrRTAwnjA9aDlqURU2D80fTeMT2xSpeGsbYVIZ2qfydGTBkzVIHtVAz7ZtGbiP95rRTDK38koiRFiPhsUZhKijGdPE+7QgNHObSEcS3srZT3mWYcbURzWwLNBoBjm4u3mMIyqZ+VvYuye39eqtxkCeXJETkmp8Qjl6RC7kiV1AgnkryQV/LmPDvvzofzOWvNOdnMIZmD8/ULrXCYPw==</latexit>

A0 <latexit sha1_base64="9tnILxBt8BvVZYY6bVdDo6l8GJE=">AAACAnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKqMcQLx4jmAcka5iddJIhM7PLTK8Qltz8Aq/6Bd7Eqz/iB/gfTpI9mMSChqKqm+6uMBbcoOd9O7m19Y3Nrfx2YWd3b/+geHjUMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKVW9bETay6hWyx5ZW8Gd5X4GSmRDLVu8afTi1giQSET1Ji278UYpFQjZwImhU5iIKZsRAfQtlRRCSZIZ/dO3DOr9Nx+pG0pdGfq34mUSmPGMrSdkuLQLHtT8T+vnWD/Jki5ihMExeaL+olwMXKnz7s9roGhGFtCmeb2VpcNqaYMbUQLW0JNR4ATm4u/nMIqaVyU/auyd39ZqlSzhPLkhJySc+KTa1Ihd6RG6oQRQV7IK3lznp1358P5nLfmnGzmmCzA+foFrw6YQA==</latexit>

B0

Energy 
Flow 

Energy 
Flow 



Heat bath <latexit sha1_base64="9tnILxBt8BvVZYY6bVdDo6l8GJE=">AAACAnicbVDLSgNBEJyNrxhfUY9eFoPgKeyKqMcQLx4jmAcka5iddJIhM7PLTK8Qltz8Aq/6Bd7Eqz/iB/gfTpI9mMSChqKqm+6uMBbcoOd9O7m19Y3Nrfx2YWd3b/+geHjUMFGiGdRZJCLdCqkBwRXUkaOAVqyBylBAMxzdTv3mE2jDI/WA4xgCSQeK9zmjaKVW9bETay6hWyx5ZW8Gd5X4GSmRDLVu8afTi1giQSET1Ji278UYpFQjZwImhU5iIKZsRAfQtlRRCSZIZ/dO3DOr9Nx+pG0pdGfq34mUSmPGMrSdkuLQLHtT8T+vnWD/Jki5ihMExeaL+olwMXKnz7s9roGhGFtCmeb2VpcNqaYMbUQLW0JNR4ATm4u/nMIqaVyU/auyd39ZqlSzhPLkhJySc+KTa1Ihd6RG6oQRQV7IK3lznp1358P5nLfmnGzmmCzA+foFrw6YQA==</latexit>

B0
<latexit sha1_base64="a8QCV5R0PdgSn3fNwatMhV9XvXk=">AAACAnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMeoF48RzAOSNcxOepMhM7vLTK8QQm5+gVf9Am/i1R/xA/wPJ8keTGJBQ1HVTXdXkEhh0HW/ndzK6tr6Rn6zsLW9s7tX3D+omzjVHGo8lrFuBsyAFBHUUKCEZqKBqUBCIxjcTvzGE2gj4ugBhwn4ivUiEQrO0ErN68d2ooWCTrHklt0p6DLxMlIiGaqd4k+7G/NUQYRcMmNanpugP2IaBZcwLrRTAwnjA9aDlqURU2D80fTeMT2xSpeGsbYVIZ2qfydGTBkzVIHtVAz7ZtGbiP95rRTDK38koiRFiPhsUZhKijGdPE+7QgNHObSEcS3srZT3mWYcbURzWwLNBoBjm4u3mMIyqZ+VvYuye39eqtxkCeXJETkmp8Qjl6RC7kiV1AgnkryQV/LmPDvvzofzOWvNOdnMIZmD8/ULrXCYPw==</latexit>

A0

<latexit sha1_base64="LGGMefKdRsOfIMgdoJtm7MVgsEo=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeoF48JmAckS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfh+5refUGkey0czSdCP6FDykDNqrNS47ZcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XaXZ5QEU7gFM7Bg2uowQPUoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w8cTZUi</latexit>

A
<latexit sha1_base64="/UnD7LGN7Vvp3CSx8t2ejVNk9AE=">AAAB+3icbVDLTgJBEJzFF+IL9ehlIjHxRHaNUY8ELx4hESSBDZkdGpgwO7uZ6TUhm/0Cr/oF3oxXP8YP8D8cYA8CVtJJpao73V1BLIVB1/12ChubW9s7xd3S3v7B4VH5+KRtokRzaPFIRroTMANSKGihQAmdWAMLAwlPweR+5j89gzYiUo84jcEP2UiJoeAMrdSs98sVt+rOQdeJl5MKydHol396g4gnISjkkhnT9dwY/ZRpFFxCVuolBmLGJ2wEXUsVC8H46fzQjF5YZUCHkbalkM7VvxMpC42ZhoHtDBmOzao3E//zugkO7/xUqDhBUHyxaJhIihGdfU0HQgNHObWEcS3srZSPmWYcbTZLWwLNJoCZzcVbTWGdtK+q3k3VbV5XavU8oSI5I+fkknjkltTIA2mQFuEEyAt5JW9O5rw7H87norXg5DOnZAnO1y8d5JUj</latexit>

B

Energy 
Flow 

Energy 
Flow 



A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit>

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A0
<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Attach 

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Interaction

Interaction

?

TFD state TFD state

Energy flow

Energy flow



A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit>

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A0
<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Attach 

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Black hole Black hole 
(Bath)

shrinking 
(decoherence)

<latexit sha1_base64="x5Blel+fgk2mEGMT8fLer7O5+hI=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqDeDXjwmYB6QLGF20psMmZ1dZnqFEPYLvOoXeBOvfowf4H84SfZgogUNRVU33V1BIoVB1/1yCmvrG5tbxe3Szu7e/kH58Khl4lRzaPJYxroTMANSKGiiQAmdRAOLAgntYHw/89tPoI2I1SNOEvAjNlQiFJyhlRq3/XLFrbpz0L/Ey0mF5Kj3y9+9QczTCBRyyYzpem6C/pRpFFxCVuqlBhLGx2wIXUsVi8D40/mhGT2zyoCGsbalkM7V3xNTFhkziQLbGTEcmVVvJv7ndVMMb/ypUEmKoPhiUZhKijGdfU0HQgNHObGEcS3srZSPmGYcbTZLWwLNxoCZzcVbTeEvaV1Uvauq27is1O7yhIrkhJySc+KRa1IjD6ROmoQTIM/khbw6mfPmvDsfi9aCk88ckyU4nz8ZH5Ug</latexit>
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Our setup

• What we would like to see is, as the initial 
thermo-field double state (A and B) interacts
with heat bathes (Aʹ and Bʹ), how the original 
quantum entanglement between A and B can
be washed out, and leave, even if exist, only
classical correlation. 

• In this talk, we concretely study this
decoherence process in the AdS3/CFT2 setup. 



Main results

• We will see that the final state of the 
holographic decoherence process can not 
have any correlation between A and B, both
classically and quantum mechanically. 

• This in particular means that we cannot
construct an ER bridge which only contains
classical correlation, at least in the moduli
space we studied. 



Today’s contents

• Introduction and key question

• Cooking recipes for wormholes

• Moduli parameter evolutions for decoherence 

• Main results
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Cooking recipes for 3D wormholes

• First, you need to prepare followings;

• ＊ 1 piece of AdS3

• ＊ One pair of scissors (to cut space)

• ＊ Glue (to attach space)

This recipe is a bit technical!



1 piece of AdS3

• AdS3 can be embedded by following 4-dim 
space-time;

• Two (famous) expressions for AdS are known, 
global coord., and Poincare coord.  

<latexit sha1_base64="KLEkf8PQlT/xox6SV1GpUpDM1+4="></latexit>

ds2 = �dU2 � dV 2 + dX2 + dY 2 ,

� U2 � V 2 +X2 + Y 2 = �1 ,



1 piece of AdS3

• In this talk, we use only Poincare coord., 

• Then the metric for AdS3 becomes

<latexit sha1_base64="r4IapV+mg9dkhR+Td09+BAcVbEo="></latexit>
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1 piece of AdS3

• Especially, the              slice is

• Then the metric becomes  
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1 piece of AdS3

• Since AdS3 has a boundary at             , the 
geometry is bounded as

• Then it is clear that AdS3 is conformally
equivalent to complex plane with

• So AdS3 is just an upper half plane in 
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ImZ ⌘ Im (x+ iz) = z > 0
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AdS3 in Z
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1 piece of AdS3

• We can show that 3D gravity with negative 
cosmological constant is so simple such that 
any locally AdS3 geometry is a solution of the 
Einstein equations for pure gravity w/ Λ < 0

• The easiest way to understand this is that in 
3D, there is no local degrees of freedom, 
therefore it has at most global structure to 
have non-trivial geometries

• Any nontrivial sol’ns are nontrivial oly globally



1 piece of AdS3

• Construction method of any sol’ns of pure gravity 
in 3D

• Given AdS3, find isometry of AdS3, and devide 
the space by its isometry then we obtain new 
solution, to see this, I illustrate the simplest 
example;

• Consider 1D flat space w/ translational isometry; 
• Now identify by this isometry                            
• This is exactly the circle compactification, global 

structure is modified but locally it is the same.

<latexit sha1_base64="eoRFhkZJq9D1GGC0yAvL0Tke5mM=">AAACBXicbVDLSgNBEJyNrxhfUY9eBoMgCGFXFD0GvXjwEME8YLOE2clsMmR2ZpnplYSQs1/gVb/Am3j1O/wA/8NJsgeTWNBQVHXT3RUmghtw3W8nt7K6tr6R3yxsbe/s7hX3D+pGpZqyGlVC6WZIDBNcshpwEKyZaEbiULBG2L+d+I0npg1X8hGGCQti0pU84pSAlfwBbhke48EZvm8XS27ZnQIvEy8jJZSh2i7+tDqKpjGTQAUxxvfcBIIR0cCpYONCKzUsIbRPusy3VJKYmWA0PXmMT6zSwZHStiTgqfp3YkRiY4ZxaDtjAj2z6E3E/zw/heg6GHGZpMAknS2KUoFB4cn/uMM1oyCGlhCqub0V0x7RhIJNaW5LqEmfwdjm4i2msEzq52Xvsuw+XJQqN1lCeXSEjtEp8tAVqqA7VEU1RJFCL+gVvTnPzrvz4XzOWnNONnOI5uB8/QKqepiw</latexit>

x ⇠ x+ L



1 piece of AdS3

• Similarly one can identify the isometry of 
AdS3 and devide the space by its isometry; in 
this way we obtain different spacetime soln. 

• This is quotient of two-dimensional hyperbolic
space H2/Γ

• We focus on              slice which is H2<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0

<latexit sha1_base64="nijZoONaSOoe5hyVHISiNkdeuFE="></latexit>

ds2 =
dx2 + dz2

z2
=

dZdZ̄

|ImZ|2 .

<latexit sha1_base64="PMgoKRfJW9Z0RzSXcCCoPrzByhU=">AAACDHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIosuiG5cV7APbUCbTm3boZBJnJsUa+gt+gVv9Anfi1n/wA/wPp20WtvXAhcM593Iux485U9pxvq3c0vLK6lp+vbCxubW9Y+/u1VSUSApVGvFINnyigDMBVc00h0YsgYQ+h7rfvx779QFIxSJxp4cxeCHpChYwSrSR2rZ9j1vwkLABfsQnmOGntl10Ss4EeJG4GSmiDJW2/dPqRDQJQWjKiVJN14m1lxKpGeUwKrQSBTGhfdKFpqGChKC8dPL5CB8ZpYODSJoRGk/UvxcpCZUahr7ZDInuqXlvLP7nNRMdXHopE3GiQdBpUJBwrCM8rgF3mASq+dAQQiUzv2LaI5JQbcqaSfEl6YMemV7c+RYWSe205J6XnNuzYvkqayiPDtAhOkYuukBldIMqqIooGqAX9IrerGfr3fqwPqerOSu72UczsL5+AX64mq0=</latexit>

Z ⌘ x+ iz



Cooking recipes for 3D wormholes

• First, you need to prepare followings;

• ＊ 1 piece of AdS3

• ＊ One pair of scissors (to cut space-time)

• ＊ Glue (to attach space-time)



Isometry of AdS3 w/ t = 0

• To see the isometry of AdS3 w/             , it is 
useful to re-express AdS3 by matrix rep’n;

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0

<latexit sha1_base64="IY16lc8uuv5+2Ak7RAJonHGYDRQ="></latexit>

M̂ :=

✓
U +X Y + V
Y � V U �X

◆
, dM̂ =

✓
dU + dX dY + dV
dY � dV dU � dX

◆
,

<latexit sha1_base64="z7Rl0Dj/GBPrDqDV4Fv+/MlEVFY="></latexit>

ds2 = � det dM̂ , where det M̂ = 1 .

<latexit sha1_base64="KLEkf8PQlT/xox6SV1GpUpDM1+4="></latexit>

ds2 = �dU2 � dV 2 + dX2 + dY 2 ,

� U2 � V 2 +X2 + Y 2 = �1 ,



Isometry of AdS3 w/ t = 0

• We are interested in 
<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0
<latexit sha1_base64="RJhMI7Lgr/eG80wYplAYapx4p6Y=">AAACAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKohch6MVjBLMJJEuYnfQmY2YfzMwKYcnFL/CqX+BNvPonfoD/4STZg0ksaCiquunu8hPBlbbtb6uwsrq2vlHcLG1t7+zulfcPXBWnkmGDxSKWLZ8qFDzChuZaYCuRSENfYNMf3k785hNKxePoQY8S9ELaj3jAGdVGcl1yTWzSLVfsqj0FWSZOTiqQo94t/3R6MUtDjDQTVKm2Yyfay6jUnAkclzqpwoSyIe1j29CIhqi8bHrtmJwYpUeCWJqKNJmqfycyGio1Cn3TGVI9UIveRPzPa6c6uPIyHiWpxojNFgWpIDomk9dJj0tkWowMoUxycythAyop0yaguS2+pEPUY5OLs5jCMnHPqs5F1b4/r9Ru8oSKcATHcAoOXEIN7qAODWDwCC/wCm/Ws/VufVifs9aClc8cwhysr18/oZY1</latexit>

V = 0

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0



Isometry of AdS3 w/ t = 0

• Especially, the              slice is

• Then the metric becomes  

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0
<latexit sha1_base64="GcPmIrJHXYtDWtorFXg95avHR9s="></latexit>

U =
1

2z

�
x2 + z2 + 1

�
, V = 0 ,

X =
1

2z

�
x2 + z2 � 1

�
, Y =

x

z
,

<latexit sha1_base64="nijZoONaSOoe5hyVHISiNkdeuFE="></latexit>

ds2 =
dx2 + dz2

z2
=

dZdZ̄

|ImZ|2 .

<latexit sha1_base64="PMgoKRfJW9Z0RzSXcCCoPrzByhU=">AAACDHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIosuiG5cV7APbUCbTm3boZBJnJsUa+gt+gVv9Anfi1n/wA/wPp20WtvXAhcM593Iux485U9pxvq3c0vLK6lp+vbCxubW9Y+/u1VSUSApVGvFINnyigDMBVc00h0YsgYQ+h7rfvx779QFIxSJxp4cxeCHpChYwSrSR2rZ9j1vwkLABfsQnmOGntl10Ss4EeJG4GSmiDJW2/dPqRDQJQWjKiVJN14m1lxKpGeUwKrQSBTGhfdKFpqGChKC8dPL5CB8ZpYODSJoRGk/UvxcpCZUahr7ZDInuqXlvLP7nNRMdXHopE3GiQdBpUJBwrCM8rgF3mASq+dAQQiUzv2LaI5JQbcqaSfEl6YMemV7c+RYWSe205J6XnNuzYvkqayiPDtAhOkYuukBldIMqqIooGqAX9IrerGfr3fqwPqerOSu72UczsL5+AX64mq0=</latexit>

Z ⌘ x+ iz

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0



Isometry of AdS3 w/ t = 0

• Clearly followings are isometry of AdS3 

• We are interested in
<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0
<latexit sha1_base64="RJhMI7Lgr/eG80wYplAYapx4p6Y=">AAACAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKohch6MVjBLMJJEuYnfQmY2YfzMwKYcnFL/CqX+BNvPonfoD/4STZg0ksaCiquunu8hPBlbbtb6uwsrq2vlHcLG1t7+zulfcPXBWnkmGDxSKWLZ8qFDzChuZaYCuRSENfYNMf3k785hNKxePoQY8S9ELaj3jAGdVGcl1yTWzSLVfsqj0FWSZOTiqQo94t/3R6MUtDjDQTVKm2Yyfay6jUnAkclzqpwoSyIe1j29CIhqi8bHrtmJwYpUeCWJqKNJmqfycyGio1Cn3TGVI9UIveRPzPa6c6uPIyHiWpxojNFgWpIDomk9dJj0tkWowMoUxycythAyop0yaguS2+pEPUY5OLs5jCMnHPqs5F1b4/r9Ru8oSKcATHcAoOXEIN7qAODWDwCC/wCm/Ws/VufVifs9aClc8cwhysr18/oZY1</latexit>

V = 0

<latexit sha1_base64="IY16lc8uuv5+2Ak7RAJonHGYDRQ="></latexit>

M̂ :=

✓
U +X Y + V
Y � V U �X

◆
, dM̂ =

✓
dU + dX dY + dV
dY � dV dU � dX

◆
,

<latexit sha1_base64="z7Rl0Dj/GBPrDqDV4Fv+/MlEVFY="></latexit>

ds2 = � det dM̂ , where det M̂ = 1 .

<latexit sha1_base64="YL8Yv99zOwMLflYReeZ+W4e3h+I="></latexit>✓
U +X Y + V
Y � V U �X

◆
7! �1

✓
U +X Y + V
Y � V U �X

◆
�T
2

<latexit sha1_base64="ZVyaQgenci+EcYIBRi9scjoc0jo=">AAACG3icbVDLSgNBEJz1/Tbq0YODQVCQsBsUPYpePHjwFRWyIfROOsmQmdllZlYMS45+hl/gVb/Am3j14Af4H04eBxMtaCiquunuihLBjfX9L29sfGJyanpmdm5+YXFpObeyemPiVDMssVjE+i4Cg4IrLFluBd4lGkFGAm+j1knXv71HbXisrm07wYqEhuJ1zsA6qZrbCBsgJVQ5pSFX9Opsu7gbyih+yC4RRGenmsv7Bb8H+pcEA5InA5xXc99hLWapRGWZAGPKgZ/YSgbaciawMxemBhNgLWhg2VEFEk0l6z3SoVtOqdF6rF0pS3vq74kMpDFtGblOCbZpRr2u+J9XTm39sJJxlaQWFesvqqeC2ph2U6E1rpFZ0XYEmObuVsqaoIFZl93QlkhDC23H5RKMpvCX3BQLwX7Bv9jLHx0PEpoh62STbJOAHJAjckrOSYkw8kieyQt59Z68N+/d++i3jnmDmTUyBO/zB/umoNM=</latexit>

�i 2 SL(2,Real)

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0



Isometry of AdS3 w/ t = 0

• One can show that for                                    , 
only                             type is isometry

• In other words, 

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0
<latexit sha1_base64="RJhMI7Lgr/eG80wYplAYapx4p6Y=">AAACAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKohch6MVjBLMJJEuYnfQmY2YfzMwKYcnFL/CqX+BNvPonfoD/4STZg0ksaCiquunu8hPBlbbtb6uwsrq2vlHcLG1t7+zulfcPXBWnkmGDxSKWLZ8qFDzChuZaYCuRSENfYNMf3k785hNKxePoQY8S9ELaj3jAGdVGcl1yTWzSLVfsqj0FWSZOTiqQo94t/3R6MUtDjDQTVKm2Yyfay6jUnAkclzqpwoSyIe1j29CIhqi8bHrtmJwYpUeCWJqKNJmqfycyGio1Cn3TGVI9UIveRPzPa6c6uPIyHiWpxojNFgWpIDomk9dJj0tkWowMoUxycythAyop0yaguS2+pEPUY5OLs5jCMnHPqs5F1b4/r9Ru8oSKcATHcAoOXEIN7qAODWDwCC/wCm/Ws/VufVifs9aClc8cwhysr18/oZY1</latexit>

V = 0
<latexit sha1_base64="WhBOPUXWKelEryV3127bu9VDpXU=">AAACHXicbZDNTgIxFIU7+If4h7p0UyUmrsgM0ejGhOjGJSYCJkDInXKBhnZmbDskhLD2MXwCt/oE7oxb4wP4HhYYEwFP0uTruffmtsePBNfGdb+c1NLyyupaej2zsbm1vZPd3avoMFYMyywUobr3QaPgAZYNNwLvI4UgfYFVv3c9rlf7qDQPgzsziLAhoRPwNmdgrNXMHtY7ICU0PXpJEyzQOj7EvP97z+bcvDsRXQQvgRxJVGpmv+utkMUSA8MEaF3z3Mg0hqAMZwJHmXqsMQLWgw7WLAYgUTeGk6+M6LF1WrQdKnsCQyfu34khSK0H0redEkxXz9fG5n+1WmzaF40hD6LYYMCmi9qxoCak41xoiytkRgwsAFPcvpWyLihgxqY3s8VX0EMzsrl48yksQqWQ987y7u1prniVJJQmB+SInBCPnJMiuSElUiaMPJJn8kJenSfnzXl3PqatKSeZ2Sczcj5/ANJ0odI=</latexit>�1 = �2 ⌘ �

<latexit sha1_base64="0661yRr2jpgISXqS94ZeQrsMR2E="></latexit>✓
U +X Y

Y U �X

◆
7! �

✓
U +X Y

Y U �X

◆
�T

=

✓
U 0 +X 0 Y 0

Y 0 U 0 �X 0

◆

<latexit sha1_base64="tkx82ifmQ0Pys2agzKcysNfk4O0="></latexit>

if �1 6= �2 , then V = 0 ! V 0 6= 0

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0



Isometry of AdS3 w/ t = 0

• Just as the simplest example, where we obtain 
S1 by quotient of R1, we devide AdS3 by its 
isometry 

• Again this does not change locally, so it gives 
solutions of the pure gravity Einstein 
equations (it changes only global structure)

• Before we proceed, we can classify 

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)

<latexit sha1_base64="jQaaFoSzoydRFBc3TQpHeNzIG18=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKohch6MVjBPOAZAmzk95kzOzsMtMrhJCLX+BVv8CbePVP/AD/w0myB5NY0FBUddPdFSRSGHTdbye3srq2vpHfLGxt7+zuFfcP6iZONYcaj2WsmwEzIIWCGgqU0Ew0sCiQ0AgGtxO/8QTaiFg94DABP2I9JULBGVqpjvSaurRTLLlldwq6TLyMlEiGaqf40+7GPI1AIZfMmJbnJuiPmEbBJYwL7dRAwviA9aBlqWIRGH80vXZMT6zSpWGsbSmkU/XvxIhFxgyjwHZGDPtm0ZuI/3mtFMMrfyRUkiIoPlsUppJiTCev067QwFEOLWFcC3sr5X2mGUcb0NyWQLMB4Njm4i2msEzqZ2Xvouzen5cqN1lCeXJEjskp8cglqZA7UiU1wskjeSGv5M15dt6dD+dz1ppzsplDMgfn6xdv6ZZT</latexit>

t = 0



• We set 

• Then after some calculations, one can show 

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)
<latexit sha1_base64="9ElKzv92nCcVRNlJdFZc7U/H4WA="></latexit>

� =

✓
a b
c d

◆
, ad� bc = 1

<latexit sha1_base64="0661yRr2jpgISXqS94ZeQrsMR2E="></latexit>✓
U +X Y

Y U �X

◆
7! �

✓
U +X Y

Y U �X

◆
�T

=

✓
U 0 +X 0 Y 0

Y 0 U 0 �X 0

◆

<latexit sha1_base64="W9ascV9QWtlci/4fyN1s6d5kfL0="></latexit>

Z ! Z 0 = x0 + iz0 =
aZ + b

cZ + d
=

{(ax+ b)(cx+ d) + acz2}+ iz

(cx+ d)2 + (cz)2
.



• In summary, the isometry of AdS3 t=0 slice is

• This is equivalent to 
<latexit sha1_base64="aAm1CguGzx2W7igi3Hdc/F9ezJ4="></latexit>⇣
t = 0 , Z = x+ iz

⌘
!

✓
t0 = 0 , Z 0 =

aZ + b

cZ + d

◆
.

<latexit sha1_base64="0661yRr2jpgISXqS94ZeQrsMR2E="></latexit>✓
U +X Y

Y U �X

◆
7! �

✓
U +X Y

Y U �X

◆
�T

=

✓
U 0 +X 0 Y 0

Y 0 U 0 �X 0

◆

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)



Classification of Ggggg

has manifestly 3 independent 
parameters (therefore actions);

• Dilatation: this corresponds to the Mobius
transformation w/

• Under this, the hyperbolic space coordinate
transforms as

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)

<latexit sha1_base64="NIEDVEJJu7nirkEHJI5jDDW58Wk="></latexit>

�D(a) =

✓
a 0
0 a�1

◆

<latexit sha1_base64="tvEchoe/C22poVmliGHohdPR/3k=">AAACC3icbZBLTgJBEIZ78IX4YNSlm47ExBWZIRpdEt24xEQeEUZS0zTQoeeR7hoTMuEInsCtnsCdceshPID3sIFZCPgnnXz5qypV/fuxFBod59vKra1vbG7ltws7u3v7RfvgsKGjRDFeZ5GMVMsHzaUIeR0FSt6KFYfAl7zpj26m9eYTV1pE4T2OY+4FMAhFXzBAY3XtIqUPtIMRhceKIdq1S07ZmYmugptBiWSqde2fTi9iScBDZBK0brtOjF4KCgWTfFLoJJrHwEYw4G2DIQRce+ns8Ak9NU6P9iNlXoh05v6dSCHQehz4pjMAHOrl2tT8r9ZOsH/lpSKME+Qhmy/qJ5Kaj05ToD2hOEM5NgBMCXMrZUNQwNBktbDFVzDiODG5uMsprEKjUnYvys7deal6nSWUJ8fkhJwRl1ySKrklNVInjCTkhbySN+vZerc+rM95a87KZo7IgqyvX00EmWE=</latexit>

Z ! a2Z



AdS3 in Z
<latexit sha1_base64="nIHxrMZxSamscYKSc+xCDVCwHHI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5refUGkeywczSdCP6FDykDNqrNR47JcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9DuJU6</latexit>

Z

<latexit sha1_base64="nIHxrMZxSamscYKSc+xCDVCwHHI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5refUGkeywczSdCP6FDykDNqrNR47JcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9DuJU6</latexit>

Z
<latexit sha1_base64="epsczfvXG1qFRY4GUcWa9jntd5U=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhv0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNR46pcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w92mJVa</latexit>z

<latexit sha1_base64="6nOlr+eND6pgIlqUCIuR6ols0HU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkxhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNR46pcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9zapVY</latexit>x
<latexit sha1_base64="A9lQQNZ9aLt9mQdnDOl/0g+lQ0M=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gEVwb1/12ChubW9s7xd3S3v7B4VH5+KSl41QxbLJYxKoTUI2CS2wabgR2EoU0CgS2g/HDzG8/o9I8lk9mkqAf0aHkIWfUWKnh9csVt+rOQdaJl5MK5Kj3yz+9QczSCKVhgmrd9dzE+FOqDGcCs1Iv1ZhQNqZD7FoqaYTan84PzciFVQYkjJUtachc/TsxpZHWkyiwnRE1I73qzcT/vG5qwjt/ymWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZLG0JFB2jyWwu3moK66R1VfVuqm7julK7zxMqwhmcwyV4cAs1eIQ6NIEBwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUCiZUR</latexit>

1

<latexit sha1_base64="A9lQQNZ9aLt9mQdnDOl/0g+lQ0M=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gEVwb1/12ChubW9s7xd3S3v7B4VH5+KSl41QxbLJYxKoTUI2CS2wabgR2EoU0CgS2g/HDzG8/o9I8lk9mkqAf0aHkIWfUWKnh9csVt+rOQdaJl5MK5Kj3yz+9QczSCKVhgmrd9dzE+FOqDGcCs1Iv1ZhQNqZD7FoqaYTan84PzciFVQYkjJUtachc/TsxpZHWkyiwnRE1I73qzcT/vG5qwjt/ymWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZLG0JFB2jyWwu3moK66R1VfVuqm7julK7zxMqwhmcwyV4cAs1eIQ6NIEBwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUCiZUR</latexit>

1

<latexit sha1_base64="oogOlrpkw1seznOBecvR6MeVyR8=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hd2g6DHoxWNE84BkDbOTSTJkdnaZ6RXCEvwCr/oF3sSr3+IH+B9Okj2YxIKGoqqb7q4glsKg6347K6tr6xubua389s7u3n7h4LBuokQzXmORjHQzoIZLoXgNBUrejDWnYSB5IxjeTPzGE9dGROoBRzH3Q9pXoicYRSvd08dyp1B0S+4UZJl4GSlChmqn8NPuRiwJuUImqTEtz43RT6lGwSQf59uJ4TFlQ9rnLUsVDbnx0+mpY3JqlS7pRdqWQjJV/06kNDRmFAa2M6Q4MIveRPzPayXYu/JToeIEuWKzRb1EEozI5G/SFZozlCNLKNPC3krYgGrK0KYztyXQdMhxbHPxFlNYJvVyybsouXfnxcp1llAOjuEEzsCDS6jALVShBgz68AKv8OY8O+/Oh/M5a11xspkjmIPz9Qt+6JXl</latexit>

a2

<latexit sha1_base64="oogOlrpkw1seznOBecvR6MeVyR8=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hd2g6DHoxWNE84BkDbOTSTJkdnaZ6RXCEvwCr/oF3sSr3+IH+B9Okj2YxIKGoqqb7q4glsKg6347K6tr6xubua389s7u3n7h4LBuokQzXmORjHQzoIZLoXgNBUrejDWnYSB5IxjeTPzGE9dGROoBRzH3Q9pXoicYRSvd08dyp1B0S+4UZJl4GSlChmqn8NPuRiwJuUImqTEtz43RT6lGwSQf59uJ4TFlQ9rnLUsVDbnx0+mpY3JqlS7pRdqWQjJV/06kNDRmFAa2M6Q4MIveRPzPayXYu/JToeIEuWKzRb1EEozI5G/SFZozlCNLKNPC3krYgGrK0KYztyXQdMhxbHPxFlNYJvVyybsouXfnxcp1llAOjuEEzsCDS6jALVShBgz68AKv8OY8O+/Oh/M5a11xspkjmIPz9Qt+6JXl</latexit>

a2



Dilatation

• In fact one can obtain non-rotating BTZ black 
hole from AdS3 as quotient by setting 

• Since then, the horizon “area” is given by

• This is exactly Einstein-Rosen bridge 
wormhole

<latexit sha1_base64="dKUMemxx2A02C0aNOPb+hOniE7g="></latexit>

Lh =

Z a2

1

dz

z
= log a2 = 2⇡rh

<latexit sha1_base64="u8rM3qKeWT2RYmlWrBWPap5rKIE=">AAACF3icbVDLSsNAFJ3UV62vqMtuBovgqiRF1I1QdOOygn1Ak4bJ9KYdOnkwMxFK6MLP8Avc6he4E7cu/QD/wyTNwrYeuNzDOfdyZ44bcSaVYXxrpbX1jc2t8nZlZ3dv/0A/POrIMBYU2jTkoei5RAJnAbQVUxx6kQDiuxy67uQ287uPICQLgwc1jcD2yShgHqNEpZKjV8mgga+x5cd5h0HSwFbEsHDGM0evGXUjB14lZkFqqEDL0X+sYUhjHwJFOZGybxqRshMiFKMcZhUrlhAROiEj6Kc0ID5IO8k/McOnqTLEXijSChTO1b8bCfGlnPpuOukTNZbLXib+5/Vj5V3ZCQuiWEFA54e8mGMV4iwRPGQCqOLTlBAqWPpWTMdEEKrS3BauuIJMQGW5mMsprJJOo25e1I3781rzpkiojKroBJ0hE12iJrpDLdRGFD2hF/SK3rRn7V370D7noyWt2DlGC9C+fgGXRZ5q</latexit>

a2 = µ2 = e2⇡rh



(static) Eternal BTZ geometry

�1
<latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit>

x
<latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit>

1
<latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit>

�1
<latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit>

µ2
<latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit>

�µ2
<latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit>

<latexit sha1_base64="u8rM3qKeWT2RYmlWrBWPap5rKIE=">AAACF3icbVDLSsNAFJ3UV62vqMtuBovgqiRF1I1QdOOygn1Ak4bJ9KYdOnkwMxFK6MLP8Avc6he4E7cu/QD/wyTNwrYeuNzDOfdyZ44bcSaVYXxrpbX1jc2t8nZlZ3dv/0A/POrIMBYU2jTkoei5RAJnAbQVUxx6kQDiuxy67uQ287uPICQLgwc1jcD2yShgHqNEpZKjV8mgga+x5cd5h0HSwFbEsHDGM0evGXUjB14lZkFqqEDL0X+sYUhjHwJFOZGybxqRshMiFKMcZhUrlhAROiEj6Kc0ID5IO8k/McOnqTLEXijSChTO1b8bCfGlnPpuOukTNZbLXib+5/Vj5V3ZCQuiWEFA54e8mGMV4iwRPGQCqOLTlBAqWPpWTMdEEKrS3BauuIJMQGW5mMsprJJOo25e1I3781rzpkiojKroBJ0hE12iJrpDLdRGFD2hF/SK3rRn7V370D7noyWt2DlGC9C+fgGXRZ5q</latexit>

a2 = µ2 = e2⇡rh



(static) Eternal BTZ geometry



Classification of Ggggg

has manifestly 3 independent 
parameters (therefore actions);

• Translation: this corresponds to the Mobius
transformation w/

• Under this, the hyperbolic space coordinate
transforms as

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)

<latexit sha1_base64="MjTPDi5GdYYCooi8H6bYMd71gLU=">AAACDXicbVDLSsNAFJ3UV62vVJduBosgCCURRZdFNy4r2Ae2oUymN+3QySTMTJQS+g1+gVv9Anfi1m/wA/wPJ20WtvXAMIdz7uXee/yYM6Ud59sqrKyurW8UN0tb2zu7e3Z5v6miRFJo0IhHsu0TBZwJaGimObRjCST0ObT80U3mtx5BKhaJez2OwQvJQLCAUaKN1LPLGD/gro6yD59iH+OeXXGqzhR4mbg5qaAc9Z790+1HNAlBaMqJUh3XibWXEqkZ5TApdRMFMaEjMoCOoYKEoLx0uvoEHxulj4NImic0nqp/O1ISKjUOfVMZEj1Ui14m/ud1Eh1ceSkTcaJB0NmgIOHYnJrlgPtMAtV8bAihkpldMR0SSag2ac1N8SUZgZ6YXNzFFJZJ86zqXlSdu/NK7TpPqIgO0RE6QS66RDV0i+qogSh6Qi/oFb1Zz9a79WF9zkoLVt5zgOZgff0Cle6ZcQ==</latexit>

Z ! Z + b

<latexit sha1_base64="Ma99dXhnA86F7dQS7sslUsaZ998="></latexit>

�T (b) =

✓
1 b
0 1

◆

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)



AdS3 in Z
<latexit sha1_base64="nIHxrMZxSamscYKSc+xCDVCwHHI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5refUGkeywczSdCP6FDykDNqrNR47JcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9DuJU6</latexit>

Z

<latexit sha1_base64="nIHxrMZxSamscYKSc+xCDVCwHHI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5refUGkeywczSdCP6FDykDNqrNR47JcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9DuJU6</latexit>

Z
<latexit sha1_base64="epsczfvXG1qFRY4GUcWa9jntd5U=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhv0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNR46pcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w92mJVa</latexit>z

<latexit sha1_base64="6nOlr+eND6pgIlqUCIuR6ols0HU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkxhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNR46pcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9zapVY</latexit>x
<latexit sha1_base64="A9lQQNZ9aLt9mQdnDOl/0g+lQ0M=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gEVwb1/12ChubW9s7xd3S3v7B4VH5+KSl41QxbLJYxKoTUI2CS2wabgR2EoU0CgS2g/HDzG8/o9I8lk9mkqAf0aHkIWfUWKnh9csVt+rOQdaJl5MK5Kj3yz+9QczSCKVhgmrd9dzE+FOqDGcCs1Iv1ZhQNqZD7FoqaYTan84PzciFVQYkjJUtachc/TsxpZHWkyiwnRE1I73qzcT/vG5qwjt/ymWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZLG0JFB2jyWwu3moK66R1VfVuqm7julK7zxMqwhmcwyV4cAs1eIQ6NIEBwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUCiZUR</latexit>

1

<latexit sha1_base64="A9lQQNZ9aLt9mQdnDOl/0g+lQ0M=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gEVwb1/12ChubW9s7xd3S3v7B4VH5+KSl41QxbLJYxKoTUI2CS2wabgR2EoU0CgS2g/HDzG8/o9I8lk9mkqAf0aHkIWfUWKnh9csVt+rOQdaJl5MK5Kj3yz+9QczSCKVhgmrd9dzE+FOqDGcCs1Iv1ZhQNqZD7FoqaYTan84PzciFVQYkjJUtachc/TsxpZHWkyiwnRE1I73qzcT/vG5qwjt/ymWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZLG0JFB2jyWwu3moK66R1VfVuqm7julK7zxMqwhmcwyV4cAs1eIQ6NIEBwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUCiZUR</latexit>

1

<latexit sha1_base64="EWeJiYXP0KjUYY1ScktcFnwHV4k=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoMgCGFXFD0GvXiMYB6QLGF20puMmZ1dZnqFEHLxC7zqF3gTr/6JH+B/OEn2YBILGoqqbrq7gkQKg6777eRWVtfWN/Kbha3tnd294v5B3cSp5lDjsYx1M2AGpFBQQ4ESmokGFgUSGsHgduI3nkAbEasHHCbgR6ynRCg4QyvVPXpGA9opltyyOwVdJl5GSiRDtVP8aXdjnkagkEtmTMtzE/RHTKPgEsaFdmogYXzAetCyVLEIjD+aXjumJ1bp0jDWthTSqfp3YsQiY4ZRYDsjhn2z6E3E/7xWiuG1PxIqSREUny0KU0kxppPXaVdo4CiHljCuhb2V8j7TjKMNaG5LoNkAcGxz8RZTWCb187J3WXbvL0qVmyyhPDkix+SUeOSKVMgdqZIa4eSRvJBX8uY8O+/Oh/M5a8052cwhmYPz9Qs28ZYw</latexit>

1 + b



Classification of Ggggg

has manifestly 3 independent 
parameters (therefore actions);

• Special conformal transformation: this
corresponds to the Mobius transformation w/

• Under this, the hyperbolic space coordinate
transforms as

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)

<latexit sha1_base64="0JAsexIo7L//VKb3+Y68XAhBGuM="></latexit>

�SC(c) =

✓
1 0
c 1

◆

<latexit sha1_base64="p6owRZesgbZDR0fLwVwC2MXDDsE=">AAACFnicbZDLSsNAFIZPvNZ6i7rTzWARBKEkouiy6MZlBXuhTSmT6aQdOpmEmYlQQsDH8Anc6hO4E7dufQDfw2mbhW39YeDnP+dw5nx+zJnSjvNtLS2vrK6tFzaKm1vbO7v23n5dRYkktEYiHsmmjxXlTNCaZprTZiwpDn1OG/7wdlxvPFKpWCQe9CimnRD3BQsYwdpEXfsQtZCnI+QFEpO0laXEBGfIzRDq2iWn7EyEFo2bmxLkqnbtH68XkSSkQhOOlWq7Tqw7KZaaEU6zopcoGmMyxH3aNlbgkKpOOrkhQycm6aEgkuYJjSbp34kUh0qNQt90hlgP1HxtHP5Xayc6uO6kTMSJpoJMFwUJR+boMRDUY5ISzUfGYCKZ+SsiA2xoaINtZosv8ZDqzHBx5yksmvp52b0sO/cXpcpNTqgAR3AMp+DCFVTgDqpQAwJP8AKv8GY9W+/Wh/U5bV2y8pkDmJH19QveBJ3/</latexit>

Z ! Z

cZ + 1

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)



Classification of Ggggg

• Instead of special conformal transformation; it 
is more easy & convenient to define the third 
action as ‘Inversion’:

• The action of the inversion is

<latexit sha1_base64="lXhRhIdykZ96in3nAvxUKXmg/mw="></latexit>

I(R) ⌘ �T (R) �SC

✓
� 1

R

◆
�T (R) =

✓
0 R

� 1
R 0

◆

<latexit sha1_base64="4olkBIz2rXoYbamWNA28R+4DcpM="></latexit>

Z = x+ iz ! �R2

Z
= R2


� x

x2 + z2
+ i

z

x2 + z2

�

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)



Classification of Ggggg

• Therefore the inversion 

• Maps the circle

• To itself, but flip the orientation

• Similarly the inversion switches exterior and 
interior

<latexit sha1_base64="4olkBIz2rXoYbamWNA28R+4DcpM="></latexit>

Z = x+ iz ! �R2

Z
= R2


� x

x2 + z2
+ i

z

x2 + z2

�

<latexit sha1_base64="MbTJg9lejrRguOVTO4ugEdht7VY=">AAACD3icbVDLSsNAFJ3UV62vaJduBosgCCUpim6EohuXVewD2lgm00k7dDIJMxMxhn6EX+BWv8CduPUT/AD/w0mahW09cLmHc+7lXo4bMiqVZX0bhaXlldW14nppY3Nre8fc3WvJIBKYNHHAAtFxkSSMctJUVDHSCQVBvstI2x1fpX77gQhJA36n4pA4Phpy6lGMlJb6ZvnxPqlN4PFT1i5u09Y3K1bVygAXiZ2TCsjR6Js/vUGAI59whRmSsmtboXISJBTFjExKvUiSEOExGpKuphz5RDpJ9vwEHmplAL1A6OIKZurfjQT5Usa+qyd9pEZy3kvF/7xupLxzJ6E8jBTheHrIixhUAUyTgAMqCFYs1gRhQfWvEI+QQFjpvGauuAKNiUpzsedTWCStWtU+rVo3J5X6ZZ5QEeyDA3AEbHAG6uAaNEATYBCDF/AK3oxn4934MD6nowUj3ymDGRhfv2HInEk=</latexit>

x2 + z2 = R2

<latexit sha1_base64="SjhGO27Bj2j7OPN+R/DK/bWYSrs=">AAACEXicbVBLSgNBFOzxG+NvVFy5aQyCG8OMKLoMunEZwXwgCaGn8yZp0vOh+40mDDmFJ3CrJ3Anbj2BB/AedpJZmMSCB0XVe9SjvFgKjY7zbS0tr6yurec28ptb2zu79t5+VUeJ4lDhkYxU3WMapAihggIl1GMFLPAk1Lz+7divPYLSIgofcBhDK2DdUPiCMzRS2z4c0KYEH5Xo9pApFT3RswFt2wWn6ExAF4mbkQLJUG7bP81OxJMAQuSSad1wnRhbKVMouIRRvploiBnvsy40DA1ZALqVTt4f0ROjdKgfKTMh0on69yJlgdbDwDObAcOenvfG4n9eI0H/upWKME4QQj4N8hNJMaLjLmhHKOAoh4YwroT5lfIeU4yjaWwmxVOsDzgyvbjzLSyS6nnRvSw69xeF0k3WUI4ckWNySlxyRUrkjpRJhXCSkhfySt6sZ+vd+rA+p6tLVnZzQGZgff0CzUqdpg==</latexit>

x $ �x

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)



Classification of Ggggg

• Using these, one can construct isometry
switching 2 circles;

• A simple example;

<latexit sha1_base64="Qt7uyftHRWYwO00P08YJrR3A/eI="></latexit>

C1 : (x� c1)
2 + z2 = R2

1 , C2 := (x� c2)
2 + z2 = R2

2 .

<latexit sha1_base64="6IMG7/O3svEo1xtLUleF/Kv90Mc=">AAACIXicbZDLSsNAFIYnXmu9RV26GSwFF6UkVdGNUHTjshZ7gTaEyXTSDp1MwsxEKKFP4GP4BG71CdyJO3HtezhJs7CtB2b4+f5zODO/FzEqlWV9GSura+sbm4Wt4vbO7t6+eXDYlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vk39ziMRkob8QU0i4gRoyKlPMVIauWa56drwGjbdmr5t2K9UIM6IleuUn7lmyapaWcFlYeeiBPJquOZPfxDiOCBcYYak7NlWpJwECUUxI9NiP5YkQniMhqSnJUcBkU6SfWcKy5oMoB8KfbiCGf07kaBAykng6c4AqZFc9FL4n9eLlX/lJJRHsSIczxb5MYMqhGk2cEAFwYpNtEBYUP1WiEdIIKx0gnNbPIHGRE11LvZiCsuiXavaF1Xr/rxUv8kTKoBjcAJOgQ0uQR3cgQZoAQyewAt4BW/Gs/FufBifs9YVI585AnNlfP8C5KKelQ==</latexit>

R1 = R2 = 1 , c1 = 0 , c2 = 3
<latexit sha1_base64="uoxKBl2CvmWXVir0dUKGmd3VZck="></latexit>

� =

 
� c2p

R1R2

c1c2+R1R2p
R1R2

� 1p
R1R2

c1p
R1R2

!
=

✓
�3 1
�1 0

◆

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)



AdS3 in Z
<latexit sha1_base64="nIHxrMZxSamscYKSc+xCDVCwHHI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5refUGkeywczSdCP6FDykDNqrNR47JcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9DuJU6</latexit>

Z

<latexit sha1_base64="nIHxrMZxSamscYKSc+xCDVCwHHI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5refUGkeywczSdCP6FDykDNqrNR47JcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9DuJU6</latexit>

Z
<latexit sha1_base64="epsczfvXG1qFRY4GUcWa9jntd5U=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhv0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNR46pcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w92mJVa</latexit>z

<latexit sha1_base64="6nOlr+eND6pgIlqUCIuR6ols0HU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkxhP0Cr/oF3sSrH+MH+B9Okj2YaEFDUdVNd1eQCK6N6345hbX1jc2t4nZpZ3dv/6B8eNTScaoYNlksYtUJqEbBJTYNNwI7iUIaBQLbwfhu5rcfUWkeywczSdCP6FDykDNqrNR46pcrbtWdg/wlXk4qkKPeL3/3BjFLI5SGCap113MT40+pMpwJzEq9VGNC2ZgOsWuppBFqfzo/NCNnVhmQMFa2pCFz9ffElEZaT6LAdkbUjPSqNxP/87qpCW/8KZdJalCyxaIwFcTEZPY1GXCFzIiJJZQpbm8lbEQVZcZms7QlUHSMJrO5eKsp/CWti6p3VXUbl5XabZ5QEU7gFM7Bg2uowT3UoQkMEJ7hBV6dzHlz3p2PRWvByWeOYQnO5w9zapVY</latexit>x
<latexit sha1_base64="A9lQQNZ9aLt9mQdnDOl/0g+lQ0M=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAckS5id9CZDZmeXmVkhhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gEVwb1/12ChubW9s7xd3S3v7B4VH5+KSl41QxbLJYxKoTUI2CS2wabgR2EoU0CgS2g/HDzG8/o9I8lk9mkqAf0aHkIWfUWKnh9csVt+rOQdaJl5MK5Kj3yz+9QczSCKVhgmrd9dzE+FOqDGcCs1Iv1ZhQNqZD7FoqaYTan84PzciFVQYkjJUtachc/TsxpZHWkyiwnRE1I73qzcT/vG5qwjt/ymWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZLG0JFB2jyWwu3moK66R1VfVuqm7julK7zxMqwhmcwyV4cAs1eIQ6NIEBwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUCiZUR</latexit>

1
<latexit sha1_base64="o40Bauiy2CS/RoO4q0Q4eiYJM7Y=">AAAB+3icbVDLSgNBEJz1GeMr6tHLYBA8hd2g6DHoxWMC5gHJEmYnvcmQ2dllplcIS77Aq36BN/Hqx/gB/oeTZA8msaChqOqmuytIpDDout/OxubW9s5uYa+4f3B4dFw6OW2ZONUcmjyWse4EzIAUCpooUEIn0cCiQEI7GD/M/PYzaCNi9YSTBPyIDZUIBWdopUa1Xyq7FXcOuk68nJRJjnq/9NMbxDyNQCGXzJiu5yboZ0yj4BKmxV5qIGF8zIbQtVSxCIyfzQ+d0kurDGgYa1sK6Vz9O5GxyJhJFNjOiOHIrHoz8T+vm2J452dCJSmC4otFYSopxnT2NR0IDRzlxBLGtbC3Uj5imnG02SxtCTQbA05tLt5qCuukVa14NxW3cV2u3ecJFcg5uSBXxCO3pEYeSZ00CSdAXsgreXOmzrvz4XwuWjecfOaMLMH5+gUEIJUS</latexit>

2
<latexit sha1_base64="IXw7WJceyeIZtEb30Yo/4FJ0L/M=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKez6QI9BLx4TMA9IljA76U2GzM4uM71CCPsFXvULvIlXP8YP8D+cJHsw0YKGoqqb7q4gkcKg6345hbX1jc2t4nZpZ3dv/6B8eNQycao5NHksY90JmAEpFDRRoIROooFFgYR2ML6f+e0n0EbE6hEnCfgRGyoRCs7QSo3LfrniVt056F/i5aRCctT75e/eIOZpBAq5ZMZ0PTdBf8o0Ci4hK/VSAwnjYzaErqWKRWD86fzQjJ5ZZUDDWNtSSOfq74kpi4yZRIHtjBiOzKo3E//zuimGt/5UqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpulLYFmY8DM5uKtpvCXtC6q3nXVbVxVand5QkVyQk7JOfHIDamRB1InTcIJkGfyQl6dzHlz3p2PRWvByWeOyRKczx8Ft5UT</latexit>

3
<latexit sha1_base64="/Dr8461BZClJcvEzCYZI/FM642w=">AAAB93icbVDLSgNBEOz1GeMrevWyGARPYVcUPQa9eIxgHpAsYXbSSYbMzi4zvUJY9gu86hd48+rX+AH+h5NkDyaxoKGo6qa7K0ykMOR5387G5tb2zm5pr7x/cHh0XCmftEycao5NHstYd0JmUAqFTRIksZNoZFEosR1OHmZ++wW1EbF6pmmCQcRGSgwFZ2Slp+t+perVvDncdeIXpAoFGv3KT28Q8zRCRVwyY7q+l1CQMU2CS8zLvdRgwviEjbBrqWIRmiCbH5q7F1YZuMNY21LkztW/ExmLjJlGoe2MGI3NqjcT//O6KQ3vgkyoJCVUfLFomEqXYnf2tTsQGjnJqSWMa2FvdfmYacbJZrO0JdRsgpTbXPzVFNZJ66rm39S8av2+yKcEZ3AOl+DDLdThERrQBA4Ir/AG707ufDifi8YNp5g4hSU4X795eJPX</latexit>

4

Fundamental domain:

Or                                            or                                           or etc…  

<latexit sha1_base64="QPyVC2d1f0GSZojTWoHV4YAINWs=">AAACBXicbVDLSgNBEJz1GeMr6tHLYBA8hd2g6MFD0IvHCOYBmyXMTnqTIbMzy8ysGJac/QKv+gXexKvf4Qf4H06SPZjEgoaiqpvurjDhTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVPLVFFoUMmlaodEA2cCGoYZDu1EAYlDDq1weDvxW4+gNJPiwYwSCGLSFyxilBgr+R7ucMBP+BpXu6WyW3GnwMvEy0kZ5ah3Sz+dnqRpDMJQTrT2PTcxQUaUYZTDuNhJNSSEDkkffEsFiUEH2fTkMT61Sg9HUtkSBk/VvxMZibUexaHtjIkZ6EVvIv7n+amJroKMiSQ1IOhsUZRybCSe/I97TAE1fGQJoYrZWzEdEEWosSnNbQkVGYIZ21y8xRSWSbNa8S4q7v15uXaTJ1RAx+gEnSEPXaIaukN11EAUSfSCXtGb8+y8Ox/O56x1xclnjtAcnK9fmz2YCA==</latexit>

1  x < 2
By just focusing on z = 0 line, 

<latexit sha1_base64="Jg0qz7ihlDXJ2Jfew7w0XwYyh8s=">AAACEXicbZDLSsNAFIYn9VbrLSqu3AwWwVVJiqILF0U3LivYCzSlTKYn7dDJJMxMxBLyFD6BW30Cd+LWJ/ABfA+nbRa29YcDP/85h3P4/JgzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU0WJpNCgEY9k2ycKOBPQ0ExzaMcSSOhzaPmj20m/9QhSsUg86HEM3ZAMBAsYJdpEPfvICyShqZul1Qx7HPATvsZuzy47FWcqvGzc3JRRrnrP/vH6EU1CEJpyolTHdWLdTYnUjHLISl6iICZ0RAbQMVaQEFQ3nb6f4VOT9HEQSVNC42n6dyMloVLj0DeTIdFDtdibhP/1OokOrropE3GiQdDZoSDhWEd4wgL3mQSq+dgYQiUzv2I6JIaHNsTmrviSjEBnhou7SGHZNKsV96Li3J+Xazc5oSI6RifoDLnoEtXQHaqjBqIoRS/oFb1Zz9a79WF9zkYLVr5ziOZkff0CS4yctg==</latexit>

1

2
 x < 1

<latexit sha1_base64="fY6gdOycgzuMVxkK4jzQ5pCB8Fs=">AAACEXicbZDLSsNAFIYn9VbrLSqu3AwWwVVJikUXLopuXFawtdCEMpmetEMnF2YmYgl5Cp/ArT6BO3HrE/gAvoeTNgvb+sOBn/+cwzl8XsyZVJb1bZRWVtfWN8qbla3tnd09c/+gI6NEUGjTiEei6xEJnIXQVkxx6MYCSOBxePDGN3n/4RGEZFF4ryYxuAEZhsxnlCgd9c2jOnY44Cd8hR1fEJo2srSe9c2qVbOmwsvGLkwVFWr1zR9nENEkgFBRTqTs2Vas3JQIxSiHrOIkEmJCx2QIPW1DEoB00+n7GT7VyQD7kdAVKjxN/26kJJByEnh6MiBqJBd7efhfr5co/9JNWRgnCkI6O+QnHKsI5yzwgAmgik+0IVQw/SumI6IpKE1s7oonyBhUzsVepLBsOvWa3ahZd+fV5nVBqIyO0Qk6Qza6QE10i1qojShK0Qt6RW/Gs/FufBifs9GSUewcojkZX79EU5y7</latexit>

2  x <
5

2



Classification of Ggggg

• Using these, one can construct isometry
switching 2 circles;

• We devide the AdS3 by 

<latexit sha1_base64="Qt7uyftHRWYwO00P08YJrR3A/eI="></latexit>

C1 : (x� c1)
2 + z2 = R2

1 , C2 := (x� c2)
2 + z2 = R2

2 .

<latexit sha1_base64="ehqEzC1foxemPMHdrVQvgEuJoFc=">AAACGXicbVDLSgNBEJz1/TbqUYTBIChI2A2KHkUvHjz4igrZEHonnWTIzOwyMyuGJSc/wy/wql/gTbx68gP8DyePg4kWNBRV3XR3RYngxvr+lzc2PjE5NT0zOze/sLi0nFtZvTFxqhmWWCxifReBQcEVliy3Au8SjSAjgbdR66Tr396jNjxW17adYEVCQ/E6Z2CdVM1thA2QEigNuaJXZ9vF3VBG8UN2iSA6O9Vc3i/4PdC/JBiQPBngvJr7DmsxSyUqywQYUw78xFYy0JYzgZ25MDWYAGtBA8uOKpBoKlnvjQ7dckqN1mPtSlnaU39PZCCNacvIdUqwTTPqdcX/vHJq64eVjKsktahYf1E9FdTGtJsJrXGNzIq2I8A0d7dS1gQNzLrkhrZEGlpoOy6XYDSFv+SmWAj2C/7FXv7oeJDQDFknm2SbBOSAHJFTck5KhJFH8kxeyKv35L15795Hv3XMG8yskSF4nz9b7J/3</latexit>

� 2 SL(2,Real)

<latexit sha1_base64="EzaRD4OtuSFBVuTStgRXPuAmm+Y=">AAACAnicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxWME84BkCb2T2WTIzO4y0yuEJTe/wKt+gTfx6o/4Af6Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVjDdYLGPdDsBwKSLeQIGStxPNQQWSt4LR3dRvPXFtRBw94jjhvoJBJELBAK3U7g5AKehVe6WyW3FnoKvEy0mZ5Kj3Sj/dfsxSxSNkEozpeG6CfgYaBZN8UuymhifARjDgHUsjUNz42ezeCT23Sp+GsbYVIZ2pfycyUMaMVWA7FeDQLHtT8T+vk2J442ciSlLkEZsvClNJMabT52lfaM5Qji0BpoW9lbIhaGBoI1rYEmgYcZzYXLzlFFZJs1rxriruw2W5dpsnVCCn5IxcEI9ckxq5J3XSIIxI8kJeyZvz7Lw7H87nvHXNyWdOyAKcr19uq5gX</latexit>�2
<latexit sha1_base64="DKUwnT6A9io2bhLjFl/rbYm8064="></latexit>

�2 =

 
� c2p

R1R2

c1c2+R1R2p
R1R2

� 1p
R1R2

c1p
R1R2

!



Three boundary-wormhole

�1
<latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit>

x
<latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit>

1
<latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit>

�1
<latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit>

µ2
<latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit>

�µ2
<latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit>

�2
<latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit>

c1
<latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit>

c2
<latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit>

R2
<latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit>

R1
<latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit>



Three boundary-wormhole



Four boundary-wormhole

• Furthermore by deviding the space by

• We obtain 4 boundary wormholes 

<latexit sha1_base64="tqrT7cVj84xAEpowpslP5p1l1Jk="></latexit>
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Four boundary-wormhole

�1
<latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit>

x
<latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit>

1
<latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit>

�1
<latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit>

µ2
<latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit>

�µ2
<latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit>

�2
<latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit>

c1
<latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit>

c2
<latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit>

R2
<latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit>

R1
<latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit>

Cb
<latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit><latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit><latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit><latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit>

Ca
<latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit><latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit><latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit><latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit> C1

<latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit><latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit><latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit><latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit>

C2
<latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit><latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit><latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit><latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit>

C 0
2

<latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit><latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit><latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit><latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit>

C 0
1

<latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit><latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit><latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit><latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit>

R1
<latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit>

R2
<latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit>

�0
2

<latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit><latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit><latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit><latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit>

c01
<latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit><latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit><latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit><latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit>

c02
<latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit><latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit><latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit><latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit>

AA’ A’B B’B’



B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

L1
<latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit>

LA
<latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit>

LA0
<latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit>



Comments on our 4-bdr wormhole

• From our cooking recipe, I hope it is clear that 
our 4 boundary wormhole are totally specified 
once following parameters are given;

and   

<latexit sha1_base64="/826SKup5wcaMOBtMS8Ttb+isW0=">AAACIHicbVDNTgIxEO7iH+LfqkcvjWjigZBdYtQj0YtHJCIk7IZ0Sxca2u6m7ZqQDS/gY/gEXvUJvBmPevc9LMseBPySZr75ZiYz/YKYUaUd58sqrKyurW8UN0tb2zu7e/b+wYOKEolJC0cskp0AKcKoIC1NNSOdWBLEA0bawehmWm8/EqloJO71OCY+RwNBQ4qRNlLPPvF4Ar1KBeKem8daFpt53jR5zy47VScDXCZuTsogR6Nn/3j9CCecCI0ZUqrrOrH2UyQ1xYxMSl6iSIzwCA1I11CBOFF+mv1mAk+N0odhJM0TGmbq34kUcaXGPDCdHOmhWqxNxf9q3USHV35KRZxoIvBsUZgwqCM4tQb2qSRYs7EhCEtqboV4iCTC2hg4tyWQaET0xPjiLrqwTB5qVfei6tydl+vXuUNFcASOwRlwwSWog1vQAC2AwRN4Aa/gzXq23q0P63PWWrDymUMwB+v7F/w4n0o=</latexit>

µ , c1 , c2 , R1 , R2

<latexit sha1_base64="WVDeLVDPYUudwYarBQ798ztmkNQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXZSSFFGXRTcua7EXaEOYTCft0MkkzEyEErr1MXwCt/oE7sSt4AP4Hk7SCLb1h4GP/5zDOfN7EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YO2DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLzxTVrvPBAhacjv1SQiToCGnPoUI6Ut14T41LVhv1JJoZZB89dppo5rlq2qlQkug51DGeRquOZ3fxDiOCBcYYak7NlWpJwECUUxI9NSP5YkQniMhqSnkaOASCfJfjKFJ9oZQD8U+nEFM/fvRIICKSeBpzsDpEZysZaa/9V6sfKvnITyKFaE49kiP2ZQhTCNBQ6oIFixiQaEBdW3QjxCAmGlw5vb4gk0Jmqqc7EXU1iGdq1qX1Stu/Ny/TpPqAiOwDE4Aza4BHVwCxqgBTB4BM/gBbwaT8ab8W58zFoLRj5zCOZkfP4AsR2djA==</latexit>
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0
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0
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2



Comments on our 4-bdr wormhole
• It is straightforward to compute the minimal 

area of the horizons; (moduli-area relation)
<latexit sha1_base64="dCm+DCHxUHX5vXOsc2kmBlPwVK0="></latexit>
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Comments on our 4-bdr wormhole
• It is straightforward to compute the minimal 

area of the horizons; (moduli-area relation)

<latexit sha1_base64="cUyKfvHCXCXT7p4iDU9qbejRBHI=">AAACC3icbVBLSgNBFOyJvxg/GXXppjEorsJMEHUjBN24cBHBmEBmGHo6PUmT7p6hP0IIOYIncKsncCduPYQH8B52klmYxIIHRdV71KPijFGlPe/bKaysrq1vFDdLW9s7u2V3b/9RpUZi0sQpS2U7RoowKkhTU81IO5ME8ZiRVjy4mfitJyIVTcWDHmYk5KgnaEIx0laK3HLpLvJPrmoBS3sBNzByK17VmwIuEz8nFZCjEbk/QTfFhhOhMUNKdXwv0+EISU0xI+NSYBTJEB6gHulYKhAnKhxNHx/DY6t0YZJKO0LDqfr3YoS4UkMe202OdF8tehPxP69jdHIZjqjIjCYCz4ISw6BO4aQF2KWSYM2GliAsqf0V4j6SCGvb1VxKLNGA6LHtxV9sYZk81qr+edW7P6vUr/OGiuAQHIFT4IMLUAe3oAGaAAMDXsAreHOenXfnw/mcrRac/OYAzMH5+gVqRpoV</latexit>

L1 = 2 log µ

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

L1
<latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit>

LA
<latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit>

LA0
<latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit>



Comments on our 4-bdr wormhole
• It is straightforward to compute the minimal 

area of the horizons; (moduli-area relation)

<latexit sha1_base64="cUyKfvHCXCXT7p4iDU9qbejRBHI=">AAACC3icbVBLSgNBFOyJvxg/GXXppjEorsJMEHUjBN24cBHBmEBmGHo6PUmT7p6hP0IIOYIncKsncCduPYQH8B52klmYxIIHRdV71KPijFGlPe/bKaysrq1vFDdLW9s7u2V3b/9RpUZi0sQpS2U7RoowKkhTU81IO5ME8ZiRVjy4mfitJyIVTcWDHmYk5KgnaEIx0laK3HLpLvJPrmoBS3sBNzByK17VmwIuEz8nFZCjEbk/QTfFhhOhMUNKdXwv0+EISU0xI+NSYBTJEB6gHulYKhAnKhxNHx/DY6t0YZJKO0LDqfr3YoS4UkMe202OdF8tehPxP69jdHIZjqjIjCYCz4ISw6BO4aQF2KWSYM2GliAsqf0V4j6SCGvb1VxKLNGA6LHtxV9sYZk81qr+edW7P6vUr/OGiuAQHIFT4IMLUAe3oAGaAAMDXsAreHOenXfnw/mcrRac/OYAzMH5+gVqRpoV</latexit>

L1 = 2 log µ

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

L1
<latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit>

LA
<latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit>

LA0
<latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit>

<latexit sha1_base64="NIp6B8/HF2DOnL/jlcWV0WnlYzI="></latexit>

SAA0 = min


SA + SA0 ,

L1

4GN

�



Comments on our 4-bdr wormhole

• All areas are completely determined given 
moduli, so one can calculate any mutual 
informations, for ex., between AA’ and BB’ 
and also A and B, etc.

<latexit sha1_base64="bctTAjcZhBpYdGpXFdHNdUMsC28="></latexit>

SAA0 = min


SA + SA0 ,

L1

4GN

�
,

Ryu-Takayanagi

<latexit sha1_base64="yD5WM4pl/i8amna5bC7YocT1sZM="></latexit>

I(AA0 : BB0) = SAA0 + SBB0 � SAA0BB0



Comments on our 4-bdr wormhole

• From our cooking recipe, I hope it is clear that 
our 4 boundary wormhole are totally specified 
once following parameters are given;

and   

<latexit sha1_base64="/826SKup5wcaMOBtMS8Ttb+isW0=">AAACIHicbVDNTgIxEO7iH+LfqkcvjWjigZBdYtQj0YtHJCIk7IZ0Sxca2u6m7ZqQDS/gY/gEXvUJvBmPevc9LMseBPySZr75ZiYz/YKYUaUd58sqrKyurW8UN0tb2zu7e/b+wYOKEolJC0cskp0AKcKoIC1NNSOdWBLEA0bawehmWm8/EqloJO71OCY+RwNBQ4qRNlLPPvF4Ar1KBeKem8daFpt53jR5zy47VScDXCZuTsogR6Nn/3j9CCecCI0ZUqrrOrH2UyQ1xYxMSl6iSIzwCA1I11CBOFF+mv1mAk+N0odhJM0TGmbq34kUcaXGPDCdHOmhWqxNxf9q3USHV35KRZxoIvBsUZgwqCM4tQb2qSRYs7EhCEtqboV4iCTC2hg4tyWQaET0xPjiLrqwTB5qVfei6tydl+vXuUNFcASOwRlwwSWog1vQAC2AwRN4Aa/gzXq23q0P63PWWrDymUMwB+v7F/w4n0o=</latexit>

µ , c1 , c2 , R1 , R2

<latexit sha1_base64="WVDeLVDPYUudwYarBQ798ztmkNQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXZSSFFGXRTcua7EXaEOYTCft0MkkzEyEErr1MXwCt/oE7sSt4AP4Hk7SCLb1h4GP/5zDOfN7EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YO2DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLzxTVrvPBAhacjv1SQiToCGnPoUI6Ut14T41LVhv1JJoZZB89dppo5rlq2qlQkug51DGeRquOZ3fxDiOCBcYYak7NlWpJwECUUxI9NSP5YkQniMhqSnkaOASCfJfjKFJ9oZQD8U+nEFM/fvRIICKSeBpzsDpEZysZaa/9V6sfKvnITyKFaE49kiP2ZQhTCNBQ6oIFixiQaEBdW3QjxCAmGlw5vb4gk0Jmqqc7EXU1iGdq1qX1Stu/Ny/TpPqAiOwDE4Aza4BHVwCxqgBTB4BM/gBbwaT8ab8W58zFoLRj5zCOZkfP4AsR2djA==</latexit>

c01 , c
0
2 , R

0
1 , R

0
2

We consider only Z2 invariant model 



Today’s contents

• Introduction and key question

• Cooking recipes for wormholes

• Moduli parameter evolutions for decoherence 

• Main results



Moduli parameter evolutions

• As we mentioned, we allow energy from 
between bath (A’ and B’) and original thermo-
field double (A and B ) to decohere the 
entanglement of original thermo-field double 
between A and B



A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit>

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A0
<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Attach 

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Interaction

Interaction

?

TFD state TFD state



A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit>

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A0
<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Attach 

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

Black hole Black hole 
(Bath)

shrinking 
(decoherence)



Moduli parameter evolutions

• As we mentioned, we allow energy from 
between bath (A’ and B’) and original thermo-
field double (A and B ) to decohere the 
entanglement of original thermo-field double 
between A and B

• As mentioned, we restrict to Z2 invariant 
model for simplicity



Moduli parameter evolutions

• For that, we allow following moduli-evolution as 
“time”- evolution

• We change moduli by hand as above to decohere 

<latexit sha1_base64="jfhD5J/v5JlokQrfqKskCX6zIF8="></latexit>

SA =
LA

4GN
=

2⇡
p
8GN (M0A � ↵t)

4GN
,

SA0 =
LA0

4GN
=

2⇡
p
8GN (M0A0 + ↵t)

4GN
,



Moduli parameter evolutions

• For that, we allow following moduli-evolution as 
“time”- evolution

• We change moduli by hand as above to decohere 

<latexit sha1_base64="zD5nAj+PK64WqF13Zejg9UiMqcM="></latexit>

SB =
LB

4GN
=

p
(M0B � ↵t)

4GN
,

SB0 =
LB0

4GN
=

p
(M0B0 + ↵t)

4GN
,



• From previous formula of the moduli-area 
relationship, this implies 2 constraints for 
moduli;

• We consider decoherence process until it
reaches equilibrium, so we consider only 
following range of “time”; 

<latexit sha1_base64="luGzHEWxn5Yq4I6wvGeSDoeB2U0="></latexit>

M0A � ↵t � M0A0 + ↵t , 0  t  M0A �M0A0

2↵

<latexit sha1_base64="OGJd43s4qffbuEEmn/jRXv3Wo1g="></latexit>

cosh
LA

2
=

c1 � c2
2
p
R1R2

= cosh

✓p
M0A � ↵t

2

◆
,

cosh
LA0

2
=

c1µ�1 � c2µ

2
p
R1R2

= cosh

✓p
M0A0 + ↵t

2

◆
.



Moduli parameter evolutions

• Now in this way, we specify 2 parameters 

• However, we still have plenty of moduli to be 
fixed 

• More precisely we still have to specify 3 more 
moduli



Comments on our 4-bdr wormhole

• From our cooking recipe, I hope it is clear that 
our 4 boundary wormhole are totally specified 
once following parameters are given;

and   

<latexit sha1_base64="/826SKup5wcaMOBtMS8Ttb+isW0=">AAACIHicbVDNTgIxEO7iH+LfqkcvjWjigZBdYtQj0YtHJCIk7IZ0Sxca2u6m7ZqQDS/gY/gEXvUJvBmPevc9LMseBPySZr75ZiYz/YKYUaUd58sqrKyurW8UN0tb2zu7e/b+wYOKEolJC0cskp0AKcKoIC1NNSOdWBLEA0bawehmWm8/EqloJO71OCY+RwNBQ4qRNlLPPvF4Ar1KBeKem8daFpt53jR5zy47VScDXCZuTsogR6Nn/3j9CCecCI0ZUqrrOrH2UyQ1xYxMSl6iSIzwCA1I11CBOFF+mv1mAk+N0odhJM0TGmbq34kUcaXGPDCdHOmhWqxNxf9q3USHV35KRZxoIvBsUZgwqCM4tQb2qSRYs7EhCEtqboV4iCTC2hg4tyWQaET0xPjiLrqwTB5qVfei6tydl+vXuUNFcASOwRlwwSWog1vQAC2AwRN4Aa/gzXq23q0P63PWWrDymUMwB+v7F/w4n0o=</latexit>

µ , c1 , c2 , R1 , R2

<latexit sha1_base64="WVDeLVDPYUudwYarBQ798ztmkNQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARXZSSFFGXRTcua7EXaEOYTCft0MkkzEyEErr1MXwCt/oE7sSt4AP4Hk7SCLb1h4GP/5zDOfN7EaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YO2DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLzxTVrvPBAhacjv1SQiToCGnPoUI6Ut14T41LVhv1JJoZZB89dppo5rlq2qlQkug51DGeRquOZ3fxDiOCBcYYak7NlWpJwECUUxI9NSP5YkQniMhqSnkaOASCfJfjKFJ9oZQD8U+nEFM/fvRIICKSeBpzsDpEZysZaa/9V6sfKvnITyKFaE49kiP2ZQhTCNBQ6oIFixiQaEBdW3QjxCAmGlw5vb4gk0Jmqqc7EXU1iGdq1qX1Stu/Ny/TpPqAiOwDE4Aza4BHVwCxqgBTB4BM/gBbwaT8ab8W58zFoLRj5zCOZkfP4AsR2djA==</latexit>

c01 , c
0
2 , R

0
1 , R

0
2

We consider only Z2 invariant model 



Moduli parameter evolutions

• To understand consistent conditions for these 
3 moduli, remember that from the figure, we 
need following inequality for consistency;

<latexit sha1_base64="vx+z0Wei4E28gmhC6RmcLDbhF/Y="></latexit>

1 < c2 �R2, c2 +R2 < c1 �R1, c1 +R1 < µ2,



Moduli parameter evolutions

• To understand consistent conditions for these 
3 moduli, remember that from the figure, we 
need following inequality for consistency;

• This can be written using 3 unknown positive 
functions gi as follows;

<latexit sha1_base64="cQlLEgaESJGTLERuc9LmYSem2yI="></latexit>

1 + g1 = c2 �R2 , c2 +R2 + g2 = c1 �R1, c1 +R1 + g3 = µ2.

<latexit sha1_base64="vx+z0Wei4E28gmhC6RmcLDbhF/Y="></latexit>

1 < c2 �R2, c2 +R2 < c1 �R1, c1 +R1 < µ2,



Moduli parameter evolutions

• For simplicity, we set all gi the same and set

• Now all moduli are set as a function of “time”

• Parameters we choose are;

<latexit sha1_base64="chzvZysCycex1GBd+WsT6wJDGUU="></latexit>

gi = g = g(t) = decreasing function

= ✏+ e�↵t

<latexit sha1_base64="z8vhSal1giWWQVH/oBmiC4aRFZw="></latexit>

M0A = 1.0⇥ 107,M0A0 = 2.0⇥ 106,↵ = 1.0⇥ 106,

✏ = 1.0⇥ 10�4, 4GN = 1.



Moduli parameter evolutions

• Remember that we constraint the time 
evolution till it reaches equibrilium, 

• In our parameter choises, this means 

<latexit sha1_base64="luGzHEWxn5Yq4I6wvGeSDoeB2U0="></latexit>

M0A � ↵t � M0A0 + ↵t , 0  t  M0A �M0A0

2↵

<latexit sha1_base64="jB3pjjz/PV1U6/9qWi7Z13K5Fg4=">AAACIXicbVDLSgNBEJyN7/iKevQyGAKewq4E9Sh68eBBwWggG0LvpDcZMvtwplcJIV/gZ/gFXvULvIk38ex/OIk5mMSCboqqbnqmglRJQ6776eTm5hcWl5ZX8qtr6xubha3tG5NkWmBVJCrRtQAMKhljlSQprKUaIQoU3gbds6F/e4/ayCS+pl6KjQjasQylALJSs1Di/gWGpGW7Q6B18sD9uwxanLvcV8hp1CvNQtEtuyPwWeKNSZGNcdksfPutRGQRxiQUGFP33JQafdAkhcJB3s8MpiC60Ma6pTFEaBr90XcGvGSVFg8TbSsmPlL/bvQhMqYXBXYyAuqYaW8o/ufVMwqPG30ZpxlhLH4PhZnilPBhNrwlNQpSPUtAaGnfykUHNAiyCU5cCTR0kQY2F286hVlyc1D2DsvuVaV4cjpOaJntsj22zzx2xE7YObtkVSbYI3tmL+zVeXLenHfn43c054x3dtgEnK8fFA6i4w==</latexit>, 0  t  4



• From previous formula of the moduli-area 
relationship, this implies 2 constraints for 
moduli;

• We consider decoherence process until it
reaches equilibrium, so we consider only 
following range of “time”; 

<latexit sha1_base64="luGzHEWxn5Yq4I6wvGeSDoeB2U0="></latexit>

M0A � ↵t � M0A0 + ↵t , 0  t  M0A �M0A0

2↵

<latexit sha1_base64="OGJd43s4qffbuEEmn/jRXv3Wo1g="></latexit>

cosh
LA

2
=

c1 � c2
2
p
R1R2

= cosh

✓p
M0A � ↵t

2

◆
,

cosh
LA0

2
=

c1µ�1 � c2µ

2
p
R1R2

= cosh

✓p
M0A0 + ↵t

2

◆
.



Moduli parameter evolutions

• Now we can solve all moduli as a function of 
time, I will show the results 



Moduli parameter evolutions

• Now we can solve all moduli as a function of 
time, I will show the results 

• Caution: due to technical problems we found, 
the results we show now are temporal results



Today’s contents

• Introduction and key question

• Cooking recipes for wormholes

• Moduli parameter evolutions for decoherence 

• Main results



Eqs to solve

• The eqs we solved are

• Our main concerns are how      behaves by t

<latexit sha1_base64="cQlLEgaESJGTLERuc9LmYSem2yI="></latexit>

1 + g1 = c2 �R2 , c2 +R2 + g2 = c1 �R1, c1 +R1 + g3 = µ2.
<latexit sha1_base64="oiVYKFVDj2dmelPeL8LHHyej5w8="></latexit>

c1 � c2
2
p
R1R2

= cosh

✓p
M0A � ↵t

2

◆
,

c1µ�1 � c2µ

2
p
R1R2

= cosh

✓p
M0A0 + ↵t

2

◆
.

<latexit sha1_base64="clwLdeNog2uW+ZRsEHqeHoXCuh0=">AAAB/XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RTQwkS5id9CZDZmeXmV4hLMEv8Kpf4E28+i1+gP/hJNmDSSxoKKq66e4KEikMuu63U1hZXVvfKG6WtrZ3dvfK+wdNE6eaQ4PHMtatgBmQQkEDBUpoJRpYFEh4DIY3E//xCbQRsXrAUQJ+xPpKhIIztNJ9J0q75Ypbdaegy8TLSYXkqHfLP51ezNMIFHLJjGl7boJ+xjQKLmFc6qQGEsaHrA9tSxWLwPjZ9NQxPbFKj4axtqWQTtW/ExmLjBlFge2MGA7MojcR//PaKYZXfiZUkiIoPlsUppJiTCd/057QwFGOLGFcC3sr5QOmGUebztyWQLMh4Njm4i2msEyaZ1XvourenVdq13lCRXJEjskp8cglqZFbUicNwkmfvJBX8uY8O+/Oh/M5ay04+cwhmYPz9Qv5rJYz</latexit>µ



(temporal) result 1
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Comments 1

• As we have mentioned, 

• And the result 1 shows that during the 
decoherence process,  

<latexit sha1_base64="NIp6B8/HF2DOnL/jlcWV0WnlYzI="></latexit>

SAA0 = min


SA + SA0 ,

L1

4GN

�

<latexit sha1_base64="ZwLJP6KzqfekDTtgHEmT6/P8qRo="></latexit>

SAA0 =
L1

4GN
! 0 as t ! 4



Comments on our 4-bdr wormhole
• It is straightforward to compute the minimal 

area of the horizons; (moduli-area relation)

<latexit sha1_base64="cUyKfvHCXCXT7p4iDU9qbejRBHI=">AAACC3icbVBLSgNBFOyJvxg/GXXppjEorsJMEHUjBN24cBHBmEBmGHo6PUmT7p6hP0IIOYIncKsncCduPYQH8B52klmYxIIHRdV71KPijFGlPe/bKaysrq1vFDdLW9s7u2V3b/9RpUZi0sQpS2U7RoowKkhTU81IO5ME8ZiRVjy4mfitJyIVTcWDHmYk5KgnaEIx0laK3HLpLvJPrmoBS3sBNzByK17VmwIuEz8nFZCjEbk/QTfFhhOhMUNKdXwv0+EISU0xI+NSYBTJEB6gHulYKhAnKhxNHx/DY6t0YZJKO0LDqfr3YoS4UkMe202OdF8tehPxP69jdHIZjqjIjCYCz4ISw6BO4aQF2KWSYM2GliAsqf0V4j6SCGvb1VxKLNGA6LHtxV9sYZk81qr+edW7P6vUr/OGiuAQHIFT4IMLUAe3oAGaAAMDXsAreHOenXfnw/mcrRac/OYAzMH5+gVqRpoV</latexit>

L1 = 2 log µ

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

L1
<latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit>

LA
<latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit>

LA0
<latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit>

<latexit sha1_base64="NIp6B8/HF2DOnL/jlcWV0WnlYzI="></latexit>

SAA0 = min


SA + SA0 ,

L1

4GN

�



Comments 1

• As we have mentioned, 

• And the result 1 shows that during the 
decoherence process,  

<latexit sha1_base64="NIp6B8/HF2DOnL/jlcWV0WnlYzI="></latexit>

SAA0 = min


SA + SA0 ,

L1

4GN

�

<latexit sha1_base64="ZwLJP6KzqfekDTtgHEmT6/P8qRo="></latexit>

SAA0 =
L1

4GN
! 0 as t ! 4



Comments 2

• This means at the end of the decoherence,

• In other words, the neck L1 shrinks to zero and 
the wormhole pinches off!

<latexit sha1_base64="gAMR2rvEjAmti7aZz7oKssNbb3g=">AAACLHicbVDLSgNBEJyN7/iKevQyGARPYTeIehGCXjx4iGBUyC5hdtKbDJndWWZ6lRDyG36GX+BVv8CLiEf9DifJImosaCiquunuClMpDLruq1OYmZ2bX1hcKi6vrK6tlzY2r4zKNIcGV1Lpm5AZkCKBBgqUcJNqYHEo4TrsnY7861vQRqjkEvspBDHrJCISnKGVWiX3vOXRY1qlvlQd6scZ9VFRl/rnEKEWnS4yrdXdt+O1SmW34o5Bp4mXkzLJUW+VPvy24lkMCXLJjGl6borBgGkUXMKw6GcGUsZ7rANNSxMWgwkG48+GdNcqbRopbStBOlZ/TgxYbEw/Dm1nzLBr/noj8T+vmWF0FAxEkmYICZ8sijJJ7YujmGhbaOAo+5YwroW9lfIu04yjDfPXllCzHuDQ5uL9TWGaXFUr3kHFvdgv107yhBbJNtkhe8Qjh6RGzkidNAgn9+SRPJFn58F5cd6c90lrwclntsgvOJ9fWjKmnA==</latexit>

L1 = 2 log µ ! 0 , µ ! 1



Comments on our 4-bdr wormhole
• It is straightforward to compute the minimal 

area of the horizons; (moduli-area relation)

<latexit sha1_base64="cUyKfvHCXCXT7p4iDU9qbejRBHI=">AAACC3icbVBLSgNBFOyJvxg/GXXppjEorsJMEHUjBN24cBHBmEBmGHo6PUmT7p6hP0IIOYIncKsncCduPYQH8B52klmYxIIHRdV71KPijFGlPe/bKaysrq1vFDdLW9s7u2V3b/9RpUZi0sQpS2U7RoowKkhTU81IO5ME8ZiRVjy4mfitJyIVTcWDHmYk5KgnaEIx0laK3HLpLvJPrmoBS3sBNzByK17VmwIuEz8nFZCjEbk/QTfFhhOhMUNKdXwv0+EISU0xI+NSYBTJEB6gHulYKhAnKhxNHx/DY6t0YZJKO0LDqfr3YoS4UkMe202OdF8tehPxP69jdHIZjqjIjCYCz4ISw6BO4aQF2KWSYM2GliAsqf0V4j6SCGvb1VxKLNGA6LHtxV9sYZk81qr+edW7P6vUr/OGiuAQHIFT4IMLUAe3oAGaAAMDXsAreHOenXfnw/mcrRac/OYAzMH5+gVqRpoV</latexit>

L1 = 2 log µ

B
<latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit><latexit sha1_base64="Q2P7bRbf2XMrLvFde0he8+GyD/s="></latexit> B0

<latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit><latexit sha1_base64="HfEwGTn6EY6KogXDcmp+DxCCTiU="></latexit>

A
<latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit><latexit sha1_base64="GvAKYxGRayTiTaF+IwtEmBS9bgE="></latexit> A0

<latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit><latexit sha1_base64="yyj4IDVdzRo3P8JkzPN8ynMZANQ="></latexit>

L1
<latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit><latexit sha1_base64="HJ9Tn6Qb334oXJ0PgT5H478oXHQ="></latexit>

LA
<latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit><latexit sha1_base64="GB4FYQJ+U9ZxUeKS4HUyYOpMIaY="></latexit>

LA0
<latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit><latexit sha1_base64="HvH+D5X6rrmfyqDIoXL9gnhxvM8="></latexit>



Comments 3

• Now one might wonder at the limit 

• How in such a limit, the area of A for SA and Aʹ 
for SAʹ does not vanish, since it is apparently a 
degenerate limit (outer and inner circle
coincides)!

<latexit sha1_base64="gAMR2rvEjAmti7aZz7oKssNbb3g=">AAACLHicbVDLSgNBEJyN7/iKevQyGARPYTeIehGCXjx4iGBUyC5hdtKbDJndWWZ6lRDyG36GX+BVv8CLiEf9DifJImosaCiquunuClMpDLruq1OYmZ2bX1hcKi6vrK6tlzY2r4zKNIcGV1Lpm5AZkCKBBgqUcJNqYHEo4TrsnY7861vQRqjkEvspBDHrJCISnKGVWiX3vOXRY1qlvlQd6scZ9VFRl/rnEKEWnS4yrdXdt+O1SmW34o5Bp4mXkzLJUW+VPvy24lkMCXLJjGl6borBgGkUXMKw6GcGUsZ7rANNSxMWgwkG48+GdNcqbRopbStBOlZ/TgxYbEw/Dm1nzLBr/noj8T+vmWF0FAxEkmYICZ8sijJJ7YujmGhbaOAo+5YwroW9lfIu04yjDfPXllCzHuDQ5uL9TWGaXFUr3kHFvdgv107yhBbJNtkhe8Qjh6RGzkidNAgn9+SRPJFn58F5cd6c90lrwclntsgvOJ9fWjKmnA==</latexit>

L1 = 2 log µ ! 0 , µ ! 1



• To understand consistent conditions for these 
3 moduli, remember that from the figure, we 
need following inequality for consistency;�1

<latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit><latexit sha1_base64="xap8IeEnqGfKBe7xu6DHKBNV8SM="></latexit>

x
<latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit><latexit sha1_base64="olp80Za3M3gPNm/L5Z6NsKRLzD4="></latexit>

1
<latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit><latexit sha1_base64="loQPQHi34KIA/JvxHqtRUiTyJfY="></latexit>

�1
<latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit><latexit sha1_base64="vHRMB0DCJYgznylmq9VlQH+CWCE="></latexit>

µ2
<latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit><latexit sha1_base64="zCPeMeIE3xDMR1p5NBZ2tVkJl/E="></latexit>

�µ2
<latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit><latexit sha1_base64="UGuh7YZr7lkr6AamrLRdJldkFIk="></latexit>

�2
<latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit><latexit sha1_base64="tPh3tVXlPMiIFeIy03dTSZxvsn8="></latexit>

c1
<latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit><latexit sha1_base64="j5Gfbqt+PtgtIgp/KOQDDWTf13M="></latexit>

c2
<latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit><latexit sha1_base64="1g9x8Mtv9WmAi6qvDibbYT5Tdkc="></latexit>

R2
<latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit>

R1
<latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit>

Cb
<latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit><latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit><latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit><latexit sha1_base64="k/QrDnFcwk0AUoDaycwNOo3kSks="></latexit>

Ca
<latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit><latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit><latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit><latexit sha1_base64="D5o82+5bQqLP3FUjdypwlu06H3g="></latexit> C1

<latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit><latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit><latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit><latexit sha1_base64="pu6zh/Vm7l2+IN4zcUm887KvoJU="></latexit>

C2
<latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit><latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit><latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit><latexit sha1_base64="zzWjeBYMgEuWpsw0EvcdZVvnOlY="></latexit>

C 0
2

<latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit><latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit><latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit><latexit sha1_base64="e3fs3uvjdupTeGXsuBkVNnk7TGc="></latexit>

C 0
1

<latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit><latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit><latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit><latexit sha1_base64="3bcWXxiTugDEE0UxU0JDreXRm5U="></latexit>

R1
<latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit><latexit sha1_base64="x4izVVqYUuRvWktBkYU1iDSO610="></latexit>

R2
<latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit><latexit sha1_base64="f8IZmYS+IqFzcLX1L1XRULlS1PM="></latexit>

�0
2

<latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit><latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit><latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit><latexit sha1_base64="LKB6vUB9eT/XfNPZgQ7Vm5ZBNGk="></latexit>

c01
<latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit><latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit><latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit><latexit sha1_base64="lUwtwGaJPCFLijEBWkxK3HvqBs0="></latexit>

c02
<latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit><latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit><latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit><latexit sha1_base64="Sly6hnmoE5AEUWQI1PkDzflSNVw="></latexit>

AA’ A’B B’B’



Comments 3

• The answer is that previous upper half plane 
figure of Z neglects the warping factor. 

• The correct metric is for

• It turns out this warping makes all area well-
behaved even at this degenerate limit. 

<latexit sha1_base64="nijZoONaSOoe5hyVHISiNkdeuFE="></latexit>

ds2 =
dx2 + dz2

z2
=

dZdZ̄

|ImZ|2 .

<latexit sha1_base64="PMgoKRfJW9Z0RzSXcCCoPrzByhU=">AAACDHicbVDLSsNAFJ3UV62vqEs3g0UQhJKIosuiG5cV7APbUCbTm3boZBJnJsUa+gt+gVv9Anfi1n/wA/wPp20WtvXAhcM593Iux485U9pxvq3c0vLK6lp+vbCxubW9Y+/u1VSUSApVGvFINnyigDMBVc00h0YsgYQ+h7rfvx779QFIxSJxp4cxeCHpChYwSrSR2rZ9j1vwkLABfsQnmOGntl10Ss4EeJG4GSmiDJW2/dPqRDQJQWjKiVJN14m1lxKpGeUwKrQSBTGhfdKFpqGChKC8dPL5CB8ZpYODSJoRGk/UvxcpCZUahr7ZDInuqXlvLP7nNRMdXHopE3GiQdBpUJBwrCM8rgF3mASq+dAQQiUzv2LaI5JQbcqaSfEl6YMemV7c+RYWSe205J6XnNuzYvkqayiPDtAhOkYuukBldIMqqIooGqAX9IrerGfr3fqwPqerOSu72UczsL5+AX64mq0=</latexit>

Z ⌘ x+ iz



No correlation between A and B!

• Given these, one can see that there is no 
correlation between A and B, both classically
and also quantum mechanically. 

• To see this, from Z2 symmetry at the end of 
decoherence we have seen 

<latexit sha1_base64="UsGugLWiZ4GJ9HsCJiWXp7NKdKI=">AAACEHicbVBJTsNAEByHLYTNLDcuIyIkTpGNEHBM4MIxCLJIsbHGk3YyynjRzBgpWP4EL+AKL+CGuPIDHsA/mCwHklBSS6WqbnV3+QlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29poxTQaFBYx6Ltk8kcBZBQzHFoZ0IIKHPoeUPrkd+6xGEZHF0r4YJuCHpRSxglCgteebBnZfVag9OIlgIOXZUjC3smWWrYo2BF4k9JWU0Rd0zf5xuTNMQIkU5kbJjW4lyMyIUoxzykpNKSAgdkB50NI1ICNLNxtfn+FgrXRzEQlek8Fj9O5GRUMph6OvOkKi+nPdG4n9eJ1XBpZuxKEkVRHSyKEg51j+OosBdJoAqPtSEUMH0rZj2iSBU6cBmtviCDEDlOhd7PoVF0jyt2OcV6/asXL2aJlREh+gInSAbXaAqukF11EAUPaEX9IrejGfj3fgwPietBWM6s49mYHz9Ag1gnKI=</latexit>

SAA0 ! 0
<latexit sha1_base64="Yuos6ekPJlmb+k9xpKQwliaO6qo=">AAACEHicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdVnqxmVF+4Amhsn0ph06eTAzEWrIT/gFbvUL3Ilb/8AP8D+ctlnY1gMXDufcy733+AlnUlnWt7G0vLK6tl7aKG9ube/smnv7LRmngkKTxjwWHZ9I4CyCpmKKQycRQEKfQ9sfXo/99iMIyeLoXo0ScEPSj1jAKFFa8szDOy+r1x+cRLAQcuyoGFvYMytW1ZoALxK7IBVUoOGZP04vpmkIkaKcSNm1rUS5GRGKUQ552UklJIQOSR+6mkYkBOlmk+tzfKKVHg5ioStSeKL+nchIKOUo9HVnSNRAzntj8T+vm6rgys1YlKQKIjpdFKQc6x/HUeAeE0AVH2lCqGD6VkwHRBCqdGAzW3xBhqBynYs9n8IiaZ1V7YuqdXteqdWLhEroCB2jU2SjS1RDN6iBmoiiJ/SCXtGb8Wy8Gx/G57R1yShmDtAMjK9fEK2cpA==</latexit>

SBB0 ! 0
<latexit sha1_base64="LSw5erSJyJW2NH3oAwwYwBlKScY="></latexit>

I(AA0 : BB0) = SAA0 + SBB0 � SAA0BB0 ! 0



No correlation between A and B!

• One can show that due to strong sub-
additivity inequality, the mutual information 
never increases by tracing out subsystems

• Subsystems to trace out in this case are          
Aʹ and Bʹ,  

• We showed that mutual infomation between
A and B becomes zero at the end of process

<latexit sha1_base64="Mt52efl17Zqb7VE0M7hGiQJPixM=">AAACKHicbZDNSkJBFMfn9mn2datlm0MSJITcG1ERBGqb2hmkBWoydzzq4NwPZuYGIr5Ej9ETtK0naBdug96jUe8itQMDP/7/czhn/l4kuNKOM7QWFpeWV1ZTa+n1jc2tbXtnt6LCWDIss1CE8tGjCgUPsKy5FvgYSaS+J/DB616P/IdnlIqHwb3uRVj3aTvgLc6oNlLDPr49KhSeapHkPsIlFIsJZ6HWRjDmSMzCFYAD0LAzTs4ZF8yDm0CGJFVq2D+1ZshiHwPNBFWq6jqRrvep1JwJHKRrscKIsi5tY9VgQH1U9f74VwM4NEoTWqE0L9AwVv9O9KmvVM/3TKdPdUfNeiPxP68a69ZFvc+DKNYYsMmiVixAhzCKCJpcItOiZ4Ayyc2twDpUUqZNkFNbPEm7qAcmF3c2hXmonOTcs5xzd5rJF5OEUmSfHJAj4pJzkic3pETKhJEX8kbeyYf1an1aX9Zw0rpgJTN7ZKqs719c4aKU</latexit>

I(AA0 : BB0) � I(A : B) = 0



No correlation between A and B!

• Since mutual information captures both 
classical and quantum correlations 
(entanglement), 

• This implis that there is no correlation
between A and B both classically and quantum 
mechanically

<latexit sha1_base64="Mt52efl17Zqb7VE0M7hGiQJPixM=">AAACKHicbZDNSkJBFMfn9mn2datlm0MSJITcG1ERBGqb2hmkBWoydzzq4NwPZuYGIr5Ej9ETtK0naBdug96jUe8itQMDP/7/czhn/l4kuNKOM7QWFpeWV1ZTa+n1jc2tbXtnt6LCWDIss1CE8tGjCgUPsKy5FvgYSaS+J/DB616P/IdnlIqHwb3uRVj3aTvgLc6oNlLDPr49KhSeapHkPsIlFIsJZ6HWRjDmSMzCFYAD0LAzTs4ZF8yDm0CGJFVq2D+1ZshiHwPNBFWq6jqRrvep1JwJHKRrscKIsi5tY9VgQH1U9f74VwM4NEoTWqE0L9AwVv9O9KmvVM/3TKdPdUfNeiPxP68a69ZFvc+DKNYYsMmiVixAhzCKCJpcItOiZ4Ayyc2twDpUUqZNkFNbPEm7qAcmF3c2hXmonOTcs5xzd5rJF5OEUmSfHJAj4pJzkic3pETKhJEX8kbeyYf1an1aX9Zw0rpgJTN7ZKqs719c4aKU</latexit>

I(AA0 : BB0) � I(A : B) = 0



Main results

• We will see that the final state of the 
holographic decoherence process can not 
have any correlation between A and B, both
classically and quantum mechanically. 

• This in particular means that we cannot
construct an ER bridge which only contains
classical correlation, at least in the moduli
space we studied. 



Comments 1

• As is clearly seen in our set-up, we have NOT 
studied all of the moduli space

• We assumed Z2 symmetry. In addition, we 
have restricted to only a specific set of moduli-
evolution

• It is fair to say that once we relax these 
conditions, we do not precisely know how the 
decoherence process goes (open questions)



Comments 2

• We have studied the modulie evolutions of 
the multi-boundary wormholes 

• However it is a bit unfortunate that we do not 
fully understand what is the dual microscopic 
structure of these mulit-boundary wormholes

• Once we know that, in principle we should be 
able to conduct that without relying on 
holographic set-up, that analysis is interesting



Thanks!


