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Topological Entanglement Entropy 
(TEE)

• For local gapped Hamiltonian, EE is area law in general. 

• In 2+1d TQFT, an extra universal constant:                        
[M. Levin, X.-G. Wen, PRL 2006; A. Kitaev, J. Preskill, PRL 2006] 

• For            Chern-Simons,            

     Used to compute TEE when spatial slice is sphere.  
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[S. Dong, E. Fradkin, R. G. Leigh, S. Nowling, JHEP 2008]



3d Pure Gravity is TQFT
• No gravitational wave in 3d 

• Einstein-Hilbert action 

  

• [A. Achucarro, P. K. Townsend, PLB 1987; E.Witten, NPB 1988 & arXiv: 
0706.3359 [hep-th]]   

• Chern-Simons action  

                                          

• Focus on         : gauge group             , no well-defined S-
matrix
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Ā = ! � e/l
<latexit sha1_base64="frZaGzjmtZ9lBDKLpS224dYgwME="></latexit><latexit sha1_base64="frZaGzjmtZ9lBDKLpS224dYgwME="></latexit><latexit sha1_base64="frZaGzjmtZ9lBDKLpS224dYgwME="></latexit><latexit sha1_base64="frZaGzjmtZ9lBDKLpS224dYgwME="></latexit>



Euclidean AdS3
• Genus 1 classical solutions classified by integers 

• BTZ black hole [M. Bañados, C. Teitelboim, J. Zanelli, PRL 1992] 

• Bekenstein-Hawking entropy (      )     horizon area. 

• Thermal AdS: “ground state”         BTZ: global “excitation” 

• Modular parameter                 is ratio of 2 cycles, where                     
is inverse temperature, and          for non-rotating BTZ.

/
<latexit sha1_base64="1rjeNjCqjDCWGHxxp/0Pfs2GpOM=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tDoNgFS4iqF3QxjKCZwLJEfY2e8mSvd1ld04IR36EjYWKrf/Hzn/jJrlCow8GHu/NMDMv1oJbDIIvr7Syura+Ud6sbG3v7O5V9w8erMoMZSFVQplOTCwTXLIQOQrW0YaRNBasHY9vZn77kRnLlbzHiWZRSoaSJ5wSdFK7p43SqPrVWlAP5vD/kkZBalCg1a9+9gaKZimTSAWxttsINEY5McipYNNKL7NMEzomQ9Z1VJKU2Sifnzv1T5wy8BNlXEn05+rPiZyk1k7S2HWmBEd22ZuJ/3ndDJPLKOdSZ8gkXSxKMuGj8me/+wNuGEUxcYRQw92tPh0RQyi6hCouhMbyy39JeFa/qgd357XmdZFGGY7gGE6hARfQhFtoQQgUxvAEL/Dqae/Ze/PeF60lr5g5hF/wPr4BDmGPkw==</latexit><latexit sha1_base64="1rjeNjCqjDCWGHxxp/0Pfs2GpOM=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tDoNgFS4iqF3QxjKCZwLJEfY2e8mSvd1ld04IR36EjYWKrf/Hzn/jJrlCow8GHu/NMDMv1oJbDIIvr7Syura+Ud6sbG3v7O5V9w8erMoMZSFVQplOTCwTXLIQOQrW0YaRNBasHY9vZn77kRnLlbzHiWZRSoaSJ5wSdFK7p43SqPrVWlAP5vD/kkZBalCg1a9+9gaKZimTSAWxttsINEY5McipYNNKL7NMEzomQ9Z1VJKU2Sifnzv1T5wy8BNlXEn05+rPiZyk1k7S2HWmBEd22ZuJ/3ndDJPLKOdSZ8gkXSxKMuGj8me/+wNuGEUxcYRQw92tPh0RQyi6hCouhMbyy39JeFa/qgd357XmdZFGGY7gGE6hARfQhFtoQQgUxvAEL/Dqae/Ze/PeF60lr5g5hF/wPr4BDmGPkw==</latexit><latexit sha1_base64="1rjeNjCqjDCWGHxxp/0Pfs2GpOM=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tDoNgFS4iqF3QxjKCZwLJEfY2e8mSvd1ld04IR36EjYWKrf/Hzn/jJrlCow8GHu/NMDMv1oJbDIIvr7Syura+Ud6sbG3v7O5V9w8erMoMZSFVQplOTCwTXLIQOQrW0YaRNBasHY9vZn77kRnLlbzHiWZRSoaSJ5wSdFK7p43SqPrVWlAP5vD/kkZBalCg1a9+9gaKZimTSAWxttsINEY5McipYNNKL7NMEzomQ9Z1VJKU2Sifnzv1T5wy8BNlXEn05+rPiZyk1k7S2HWmBEd22ZuJ/3ndDJPLKOdSZ8gkXSxKMuGj8me/+wNuGEUxcYRQw92tPh0RQyi6hCouhMbyy39JeFa/qgd357XmdZFGGY7gGE6hARfQhFtoQQgUxvAEL/Dqae/Ze/PeF60lr5g5hF/wPr4BDmGPkw==</latexit>SBH

<latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit>

ds2 =
l2

sin2 �

✓
dR2

R2
+ cos2 �d✓2 + d�2

◆

<latexit sha1_base64="3/OgmBqfuN9JM34OE+WpINWHIGc="></latexit><latexit sha1_base64="3/OgmBqfuN9JM34OE+WpINWHIGc="></latexit><latexit sha1_base64="3/OgmBqfuN9JM34OE+WpINWHIGc="></latexit><latexit sha1_base64="3/OgmBqfuN9JM34OE+WpINWHIGc="></latexit>

(R, ✓,�) ⇠
✓
Re2⇡r+/l, ✓ +

2⇡|r�|
l

,�

◆

<latexit sha1_base64="YyYRWSRdbNs9ouzcn/34IrIC7ug="></latexit><latexit sha1_base64="YyYRWSRdbNs9ouzcn/34IrIC7ug="></latexit><latexit sha1_base64="YyYRWSRdbNs9ouzcn/34IrIC7ug="></latexit><latexit sha1_base64="YyYRWSRdbNs9ouzcn/34IrIC7ug="></latexit>

<latexit sha1_base64="1XULN4RwALgfCjoUgpjgDrLQPCM="></latexit><latexit sha1_base64="1XULN4RwALgfCjoUgpjgDrLQPCM="></latexit><latexit sha1_base64="1XULN4RwALgfCjoUgpjgDrLQPCM="></latexit><latexit sha1_base64="1XULN4RwALgfCjoUgpjgDrLQPCM="></latexit> <latexit sha1_base64="ynorvwGv0bzInb54wl31eTx6oc0="></latexit><latexit sha1_base64="ynorvwGv0bzInb54wl31eTx6oc0="></latexit><latexit sha1_base64="ynorvwGv0bzInb54wl31eTx6oc0="></latexit><latexit sha1_base64="ynorvwGv0bzInb54wl31eTx6oc0="></latexit>

t
<latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit><latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit><latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit><latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit>

t
<latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit><latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit><latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit><latexit sha1_base64="0SfInGHUD58dnJPmhUnXQezBwCA=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqYHdcsWtujPQVeLlpEJy1Lvln04v5mkECrlkxrQ9N8EgYxoFlzApdVIDCeMjNoC2pYpFYIJsduiEnlmlR/uxtqWQztS/ExmLjBlHoe2MGA7NsjcV//PaKfavg0yoJEVQfL6on0qKMZ1+TXtCA0c5toRxLeytlA+ZZhxtNgtbUIyeJzYVbzmDVeJfVG+qXuOyUrvN4ymSE3JKzolHrkiN3JM68QknQF7IK3lzMufd+XA+560FJ585Jgtwvn4BbduUYQ==</latexit>⌧ ! �1/⌧

<latexit sha1_base64="wLSK8FXUN+aiNOTlf3ID4F05TOA=">AAACD3icbVDLSsNAFJ3UV62vqODGzWAR3FgTEdRd0Y3LCsYWmlAm00k7dPJg5kapsT/hJ7jVD3Albv0E1/6IkzYLWz1w4XDOvZzL8RPBFVjWl1Gam19YXCovV1ZW19Y3zM2tWxWnkjKHxiKWLZ8oJnjEHOAgWCuRjIS+YE1/cJn7zTsmFY+jGxgmzAtJL+IBpwS01DF3XCCpK3mvD0TK+P7QPsqVjlm1atYY+C+xC1JFBRod89vtxjQNWQRUEKXatpWAlxEJnAo2qripYgmhA9JjbU0jEjLlZeP/R3hfK10cxFJPBHis/r7ISKjUMPT1Zkigr2a9XPzPa6cQnHkZj5IUWEQnQUEqMMQ4LwN3uWQUxFATQiXXv2LaJ5JQ0JVNpQAfPIx0K/ZsB3+Jc1w7r9nXJ9X6RVFPGe2iPXSAbHSK6ugKNZCDKHpEz+gFvRpPxpvxbnxMVktGcbONpmB8/gD+9Z1u</latexit><latexit sha1_base64="wLSK8FXUN+aiNOTlf3ID4F05TOA=">AAACD3icbVDLSsNAFJ3UV62vqODGzWAR3FgTEdRd0Y3LCsYWmlAm00k7dPJg5kapsT/hJ7jVD3Albv0E1/6IkzYLWz1w4XDOvZzL8RPBFVjWl1Gam19YXCovV1ZW19Y3zM2tWxWnkjKHxiKWLZ8oJnjEHOAgWCuRjIS+YE1/cJn7zTsmFY+jGxgmzAtJL+IBpwS01DF3XCCpK3mvD0TK+P7QPsqVjlm1atYY+C+xC1JFBRod89vtxjQNWQRUEKXatpWAlxEJnAo2qripYgmhA9JjbU0jEjLlZeP/R3hfK10cxFJPBHis/r7ISKjUMPT1Zkigr2a9XPzPa6cQnHkZj5IUWEQnQUEqMMQ4LwN3uWQUxFATQiXXv2LaJ5JQ0JVNpQAfPIx0K/ZsB3+Jc1w7r9nXJ9X6RVFPGe2iPXSAbHSK6ugKNZCDKHpEz+gFvRpPxpvxbnxMVktGcbONpmB8/gD+9Z1u</latexit><latexit sha1_base64="wLSK8FXUN+aiNOTlf3ID4F05TOA=">AAACD3icbVDLSsNAFJ3UV62vqODGzWAR3FgTEdRd0Y3LCsYWmlAm00k7dPJg5kapsT/hJ7jVD3Albv0E1/6IkzYLWz1w4XDOvZzL8RPBFVjWl1Gam19YXCovV1ZW19Y3zM2tWxWnkjKHxiKWLZ8oJnjEHOAgWCuRjIS+YE1/cJn7zTsmFY+jGxgmzAtJL+IBpwS01DF3XCCpK3mvD0TK+P7QPsqVjlm1atYY+C+xC1JFBRod89vtxjQNWQRUEKXatpWAlxEJnAo2qripYgmhA9JjbU0jEjLlZeP/R3hfK10cxFJPBHis/r7ISKjUMPT1Zkigr2a9XPzPa6cQnHkZj5IUWEQnQUEqMMQ4LwN3uWQUxFATQiXXv2LaJ5JQ0JVNpQAfPIx0K/ZsB3+Jc1w7r9nXJ9X6RVFPGe2iPXSAbHSK6ugKNZCDKHpEz+gFvRpPxpvxbnxMVktGcbONpmB8/gD+9Z1u</latexit><latexit sha1_base64="wLSK8FXUN+aiNOTlf3ID4F05TOA=">AAACD3icbVDLSsNAFJ3UV62vqODGzWAR3FgTEdRd0Y3LCsYWmlAm00k7dPJg5kapsT/hJ7jVD3Albv0E1/6IkzYLWz1w4XDOvZzL8RPBFVjWl1Gam19YXCovV1ZW19Y3zM2tWxWnkjKHxiKWLZ8oJnjEHOAgWCuRjIS+YE1/cJn7zTsmFY+jGxgmzAtJL+IBpwS01DF3XCCpK3mvD0TK+P7QPsqVjlm1atYY+C+xC1JFBRod89vtxjQNWQRUEKXatpWAlxEJnAo2qripYgmhA9JjbU0jEjLlZeP/R3hfK10cxFJPBHis/r7ISKjUMPT1Zkigr2a9XPzPa6cQnHkZj5IUWEQnQUEqMMQ4LwN3uWQUxFATQiXXv2LaJ5JQ0JVNpQAfPIx0K/ZsB3+Jc1w7r9nXJ9X6RVFPGe2iPXSAbHSK6ugKNZCDKHpEz+gFvRpPxpvxbnxMVktGcbONpmB8/gD+9Z1u</latexit>

(c, d)
<latexit sha1_base64="vWwGGXP0GBbr0kU/iD7CeSNJsrU=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmZyfJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEl3BKBrJrbKT4LhTrtg1ewKySJycVCBHo1P+aQcxS0MeIZNU65ZjJ+hlVKFgko9K7VTzhLIB7fGWoRENufayybEjcmSUgHRjZSpCMlH/TmQ01HoY+qYzpNjX895Y/M9rpdi98DIRJSnyiE0XdVNJMCbjz0kgFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QJMmpVZ</latexit><latexit sha1_base64="vWwGGXP0GBbr0kU/iD7CeSNJsrU=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmZyfJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEl3BKBrJrbKT4LhTrtg1ewKySJycVCBHo1P+aQcxS0MeIZNU65ZjJ+hlVKFgko9K7VTzhLIB7fGWoRENufayybEjcmSUgHRjZSpCMlH/TmQ01HoY+qYzpNjX895Y/M9rpdi98DIRJSnyiE0XdVNJMCbjz0kgFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QJMmpVZ</latexit><latexit sha1_base64="vWwGGXP0GBbr0kU/iD7CeSNJsrU=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmZyfJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEl3BKBrJrbKT4LhTrtg1ewKySJycVCBHo1P+aQcxS0MeIZNU65ZjJ+hlVKFgko9K7VTzhLIB7fGWoRENufayybEjcmSUgHRjZSpCMlH/TmQ01HoY+qYzpNjX895Y/M9rpdi98DIRJSnyiE0XdVNJMCbjz0kgFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QJMmpVZ</latexit><latexit sha1_base64="vWwGGXP0GBbr0kU/iD7CeSNJsrU=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmZyfJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEl3BKBrJrbKT4LhTrtg1ewKySJycVCBHo1P+aQcxS0MeIZNU65ZjJ+hlVKFgko9K7VTzhLIB7fGWoRENufayybEjcmSUgHRjZSpCMlH/TmQ01HoY+qYzpNjX895Y/M9rpdi98DIRJSnyiE0XdVNJMCbjz0kgFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QJMmpVZ</latexit>

(1, 0)
<latexit sha1_base64="OfalBGjKt1if4by2VKKaydCTG3Y=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVp0T+7hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqyZTz</latexit><latexit sha1_base64="OfalBGjKt1if4by2VKKaydCTG3Y=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVp0T+7hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqyZTz</latexit><latexit sha1_base64="OfalBGjKt1if4by2VKKaydCTG3Y=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVp0T+7hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqyZTz</latexit><latexit sha1_base64="OfalBGjKt1if4by2VKKaydCTG3Y=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVp0T+7hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqyZTz</latexit>

(0, 1)
<latexit sha1_base64="yrz59alh9p4dZPc69GMsePUt5/U=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVu0T57hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqx5Tz</latexit><latexit sha1_base64="yrz59alh9p4dZPc69GMsePUt5/U=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVu0T57hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqx5Tz</latexit><latexit sha1_base64="yrz59alh9p4dZPc69GMsePUt5/U=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVu0T57hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqx5Tz</latexit><latexit sha1_base64="yrz59alh9p4dZPc69GMsePUt5/U=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuCOot6MVjBFcDyRJmJ7PJkNkHM71CXIKf4FU/wJN49V88+yNOkj2YxIKGoqqb7i4/kUKjbX9bhaXlldW14nppY3Nre6e8u3ev41Qx7rJYxqrpU82liLiLAiVvJorT0Jf8wR9cj/2HR660iKM7HCbcC2kvEoFgFI3kVu0T57hTrtg1ewKySJycVCBHo1P+aXdjloY8Qiap1i3HTtDLqELBJB+V2qnmCWUD2uMtQyMacu1lk2NH5MgoXRLEylSEZKL+nchoqPUw9E1nSLGv572x+J/XSjG48DIRJSnyiE0XBakkGJPx56QrFGcoh4ZQpoS5lbA+VZShyWdmC4rB08ik4sxnsEjc09plzbk9q9Sv8niKcACHUAUHzqEON9AAFxgIeIFXeLOerXfrw/qcthasfGYfZmB9/QKqx5Tz</latexit>

⌧ = ✓ + i�
<latexit sha1_base64="wG+aqkbAj4fnxbA3hJXHtpL32mc=">AAACC3icbVDLSsNAFJ3UV62vWJduBosgCCURQV0IRTcuKxhbaEqZTCft0MkkzNyINfQX/AS3+gGuxK0f4dofcdpmYVsPXO7hnHu5lxMkgmtwnG+rsLS8srpWXC9tbG5t79i75Xsdp4oyj8YiVs2AaCa4ZB5wEKyZKEaiQLBGMLge+40HpjSP5R0ME9aOSE/ykFMCRurYZR9IeulDnwE55n5gWseuOFVnArxI3JxUUI56x/7xuzFNIyaBCqJ1y3USaGdEAaeCjUp+qllC6ID0WMtQSSKm29nk9xE+NEoXh7EyJQFP1L8bGYm0HkaBmYwI9PW8Nxb/81ophOftjMskBSbp9FCYCgwxHgeBu1wxCmJoCKGKm18x7RNFKJi4Zq4AHzyNTCrufAaLxDupXlTd29NK7SqPp4j20QE6Qi46QzV0g+rIQxQ9ohf0it6sZ+vd+rA+p6MFK9/ZQzOwvn4BvIWbqQ==</latexit><latexit sha1_base64="wG+aqkbAj4fnxbA3hJXHtpL32mc=">AAACC3icbVDLSsNAFJ3UV62vWJduBosgCCURQV0IRTcuKxhbaEqZTCft0MkkzNyINfQX/AS3+gGuxK0f4dofcdpmYVsPXO7hnHu5lxMkgmtwnG+rsLS8srpWXC9tbG5t79i75Xsdp4oyj8YiVs2AaCa4ZB5wEKyZKEaiQLBGMLge+40HpjSP5R0ME9aOSE/ykFMCRurYZR9IeulDnwE55n5gWseuOFVnArxI3JxUUI56x/7xuzFNIyaBCqJ1y3USaGdEAaeCjUp+qllC6ID0WMtQSSKm29nk9xE+NEoXh7EyJQFP1L8bGYm0HkaBmYwI9PW8Nxb/81ophOftjMskBSbp9FCYCgwxHgeBu1wxCmJoCKGKm18x7RNFKJi4Zq4AHzyNTCrufAaLxDupXlTd29NK7SqPp4j20QE6Qi46QzV0g+rIQxQ9ohf0it6sZ+vd+rA+p6MFK9/ZQzOwvn4BvIWbqQ==</latexit><latexit sha1_base64="wG+aqkbAj4fnxbA3hJXHtpL32mc=">AAACC3icbVDLSsNAFJ3UV62vWJduBosgCCURQV0IRTcuKxhbaEqZTCft0MkkzNyINfQX/AS3+gGuxK0f4dofcdpmYVsPXO7hnHu5lxMkgmtwnG+rsLS8srpWXC9tbG5t79i75Xsdp4oyj8YiVs2AaCa4ZB5wEKyZKEaiQLBGMLge+40HpjSP5R0ME9aOSE/ykFMCRurYZR9IeulDnwE55n5gWseuOFVnArxI3JxUUI56x/7xuzFNIyaBCqJ1y3USaGdEAaeCjUp+qllC6ID0WMtQSSKm29nk9xE+NEoXh7EyJQFP1L8bGYm0HkaBmYwI9PW8Nxb/81ophOftjMskBSbp9FCYCgwxHgeBu1wxCmJoCKGKm18x7RNFKJi4Zq4AHzyNTCrufAaLxDupXlTd29NK7SqPp4j20QE6Qi46QzV0g+rIQxQ9ohf0it6sZ+vd+rA+p6MFK9/ZQzOwvn4BvIWbqQ==</latexit><latexit sha1_base64="wG+aqkbAj4fnxbA3hJXHtpL32mc=">AAACC3icbVDLSsNAFJ3UV62vWJduBosgCCURQV0IRTcuKxhbaEqZTCft0MkkzNyINfQX/AS3+gGuxK0f4dofcdpmYVsPXO7hnHu5lxMkgmtwnG+rsLS8srpWXC9tbG5t79i75Xsdp4oyj8YiVs2AaCa4ZB5wEKyZKEaiQLBGMLge+40HpjSP5R0ME9aOSE/ykFMCRurYZR9IeulDnwE55n5gWseuOFVnArxI3JxUUI56x/7xuzFNIyaBCqJ1y3USaGdEAaeCjUp+qllC6ID0WMtQSSKm29nk9xE+NEoXh7EyJQFP1L8bGYm0HkaBmYwI9PW8Nxb/81ophOftjMskBSbp9FCYCgwxHgeBu1wxCmJoCKGKm18x7RNFKJi4Zq4AHzyNTCrufAaLxDupXlTd29NK7SqPp4j20QE6Qi46QzV0g+rIQxQ9ohf0it6sZ+vd+rA+p6MFK9/ZQzOwvn4BvIWbqQ==</latexit>

�
<latexit sha1_base64="oi1/U+lQ6NjOsWoyL7s8CnzHnr4=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbsToRaij/Bq/4AT+LV/+LZP+K2zcG2Phh4vDfDzLwwlcKg6347hZXVtfWN4mZpa3tnd6+8f/Bgkkwz7rNEJroZUsOlUNxHgZI3U81pHEreCAc3E7/xyLURibrHYcqDmPaUiASjaCW/HXKknXLFrbpTkGXi5aQCOeqd8k+7m7As5gqZpMa0PDfFYEQ1Cib5uNTODE8pG9Aeb1mqaMxNMJoeOyYnVumSKNG2FJKp+ndiRGNjhnFoO2OKfbPoTcT/vFaG0WUwEirNkCs2WxRlkmBCJp+TrtCcoRxaQpkW9lbC+lRThjafuS0oBk9jm4q3mMEy8c+qV1Xv7rxSu87jKcIRHMMpeHABNbiFOvjAQMALvMKb8+y8Ox/O56y14OQzhzAH5+sXagiWDQ==</latexit><latexit sha1_base64="oi1/U+lQ6NjOsWoyL7s8CnzHnr4=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbsToRaij/Bq/4AT+LV/+LZP+K2zcG2Phh4vDfDzLwwlcKg6347hZXVtfWN4mZpa3tnd6+8f/Bgkkwz7rNEJroZUsOlUNxHgZI3U81pHEreCAc3E7/xyLURibrHYcqDmPaUiASjaCW/HXKknXLFrbpTkGXi5aQCOeqd8k+7m7As5gqZpMa0PDfFYEQ1Cib5uNTODE8pG9Aeb1mqaMxNMJoeOyYnVumSKNG2FJKp+ndiRGNjhnFoO2OKfbPoTcT/vFaG0WUwEirNkCs2WxRlkmBCJp+TrtCcoRxaQpkW9lbC+lRThjafuS0oBk9jm4q3mMEy8c+qV1Xv7rxSu87jKcIRHMMpeHABNbiFOvjAQMALvMKb8+y8Ox/O56y14OQzhzAH5+sXagiWDQ==</latexit><latexit sha1_base64="oi1/U+lQ6NjOsWoyL7s8CnzHnr4=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbsToRaij/Bq/4AT+LV/+LZP+K2zcG2Phh4vDfDzLwwlcKg6347hZXVtfWN4mZpa3tnd6+8f/Bgkkwz7rNEJroZUsOlUNxHgZI3U81pHEreCAc3E7/xyLURibrHYcqDmPaUiASjaCW/HXKknXLFrbpTkGXi5aQCOeqd8k+7m7As5gqZpMa0PDfFYEQ1Cib5uNTODE8pG9Aeb1mqaMxNMJoeOyYnVumSKNG2FJKp+ndiRGNjhnFoO2OKfbPoTcT/vFaG0WUwEirNkCs2WxRlkmBCJp+TrtCcoRxaQpkW9lbC+lRThjafuS0oBk9jm4q3mMEy8c+qV1Xv7rxSu87jKcIRHMMpeHABNbiFOvjAQMALvMKb8+y8Ox/O56y14OQzhzAH5+sXagiWDQ==</latexit><latexit sha1_base64="oi1/U+lQ6NjOsWoyL7s8CnzHnr4=">AAAB/HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbsToRaij/Bq/4AT+LV/+LZP+K2zcG2Phh4vDfDzLwwlcKg6347hZXVtfWN4mZpa3tnd6+8f/Bgkkwz7rNEJroZUsOlUNxHgZI3U81pHEreCAc3E7/xyLURibrHYcqDmPaUiASjaCW/HXKknXLFrbpTkGXi5aQCOeqd8k+7m7As5gqZpMa0PDfFYEQ1Cib5uNTODE8pG9Aeb1mqaMxNMJoeOyYnVumSKNG2FJKp+ndiRGNjhnFoO2OKfbPoTcT/vFaG0WUwEirNkCs2WxRlkmBCJp+TrtCcoRxaQpkW9lbC+lRThjafuS0oBk9jm4q3mMEy8c+qV1Xv7rxSu87jKcIRHMMpeHABNbiFOvjAQMALvMKb8+y8Ox/O56y14OQzhzAH5+sXagiWDQ==</latexit>

✓ = 0
<latexit sha1_base64="9T59nuVgs25cu0YDHsJ0kmuYUwc=">AAAB/3icbVA9SwNBEJ3zM8avqKXNYhCswp0IaiEEbSwjeCaQHGFvs5cs2ds7dueEGNL4E2z1B1iJrT/F2j/iJrnCJD4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW//wSSZZtxniUx0I6SGS6G4jwIlb6Sa0ziUvB72b8Z+/ZFrIxJ1j4OUBzHtKhEJRtFKjRb2ONIrt10quxV3ArJIvJyUIUetXfppdRKWxVwhk9SYpuemGAypRsEkHxVbmeEpZX3a5U1LFY25CYaTe0fk2CodEiXalkIyUf9ODGlszCAObWdMsWfmvbH4n9fMMLoIhkKlGXLFpouiTBJMyPh50hGaM5QDSyjTwt5KWI9qytBGNLMFRf9pZFPx5jNYJP5p5bLi3Z2Vq9d5PAU4hCM4AQ/OoQq3UAMfGEh4gVd4c56dd+fD+Zy2Ljn5zAHMwPn6BU0LlxI=</latexit><latexit sha1_base64="9T59nuVgs25cu0YDHsJ0kmuYUwc=">AAAB/3icbVA9SwNBEJ3zM8avqKXNYhCswp0IaiEEbSwjeCaQHGFvs5cs2ds7dueEGNL4E2z1B1iJrT/F2j/iJrnCJD4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW//wSSZZtxniUx0I6SGS6G4jwIlb6Sa0ziUvB72b8Z+/ZFrIxJ1j4OUBzHtKhEJRtFKjRb2ONIrt10quxV3ArJIvJyUIUetXfppdRKWxVwhk9SYpuemGAypRsEkHxVbmeEpZX3a5U1LFY25CYaTe0fk2CodEiXalkIyUf9ODGlszCAObWdMsWfmvbH4n9fMMLoIhkKlGXLFpouiTBJMyPh50hGaM5QDSyjTwt5KWI9qytBGNLMFRf9pZFPx5jNYJP5p5bLi3Z2Vq9d5PAU4hCM4AQ/OoQq3UAMfGEh4gVd4c56dd+fD+Zy2Ljn5zAHMwPn6BU0LlxI=</latexit><latexit sha1_base64="9T59nuVgs25cu0YDHsJ0kmuYUwc=">AAAB/3icbVA9SwNBEJ3zM8avqKXNYhCswp0IaiEEbSwjeCaQHGFvs5cs2ds7dueEGNL4E2z1B1iJrT/F2j/iJrnCJD4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW//wSSZZtxniUx0I6SGS6G4jwIlb6Sa0ziUvB72b8Z+/ZFrIxJ1j4OUBzHtKhEJRtFKjRb2ONIrt10quxV3ArJIvJyUIUetXfppdRKWxVwhk9SYpuemGAypRsEkHxVbmeEpZX3a5U1LFY25CYaTe0fk2CodEiXalkIyUf9ODGlszCAObWdMsWfmvbH4n9fMMLoIhkKlGXLFpouiTBJMyPh50hGaM5QDSyjTwt5KWI9qytBGNLMFRf9pZFPx5jNYJP5p5bLi3Z2Vq9d5PAU4hCM4AQ/OoQq3UAMfGEh4gVd4c56dd+fD+Zy2Ljn5zAHMwPn6BU0LlxI=</latexit><latexit sha1_base64="9T59nuVgs25cu0YDHsJ0kmuYUwc=">AAAB/3icbVA9SwNBEJ3zM8avqKXNYhCswp0IaiEEbSwjeCaQHGFvs5cs2ds7dueEGNL4E2z1B1iJrT/F2j/iJrnCJD4YeLw3w8y8MJXCoOt+O0vLK6tr64WN4ubW9s5uaW//wSSZZtxniUx0I6SGS6G4jwIlb6Sa0ziUvB72b8Z+/ZFrIxJ1j4OUBzHtKhEJRtFKjRb2ONIrt10quxV3ArJIvJyUIUetXfppdRKWxVwhk9SYpuemGAypRsEkHxVbmeEpZX3a5U1LFY25CYaTe0fk2CodEiXalkIyUf9ODGlszCAObWdMsWfmvbH4n9fMMLoIhkKlGXLFpouiTBJMyPh50hGaM5QDSyjTwt5KWI9qytBGNLMFRf9pZFPx5jNYJP5p5bLi3Z2Vq9d5PAU4hCM4AQ/OoQq3UAMfGEh4gVd4c56dd+fD+Zy2Ljn5zAHMwPn6BU0LlxI=</latexit>

horizon



TEE Calculations
• Topological gravity    replica trick yields TEE 

• Thermal AdS: 

    

   

• BTZ:        reproduced by cutting & gluing along horizon: 

     

                                              
· · ·

B1

A2

A1

B2

<latexit sha1_base64="88+jWRu3iZT6aKbM1Wa/YQLOD/4="></latexit><latexit sha1_base64="88+jWRu3iZT6aKbM1Wa/YQLOD/4="></latexit><latexit sha1_base64="88+jWRu3iZT6aKbM1Wa/YQLOD/4="></latexit>

SBH
<latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit>

a

1-a

A

B

<latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit><latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit><latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit><latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit>

SBTZ(A) =
8⇡k

�
� 2e�4⇡/�

✓
4⇡

�
� 1

◆
+O(e�6⇡/�)

<latexit sha1_base64="Y6Jzmjn0KsYuJQQ6WS4uTp10Kq8="></latexit><latexit sha1_base64="Y6Jzmjn0KsYuJQQ6WS4uTp10Kq8="></latexit><latexit sha1_base64="Y6Jzmjn0KsYuJQQ6WS4uTp10Kq8="></latexit><latexit sha1_base64="Y6Jzmjn0KsYuJQQ6WS4uTp10Kq8="></latexit>

!
<latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit><latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit><latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit><latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit>

mutual information ~0 at low temperature

STAdS(a) ⇡
⇥
96ke�2⇡� + (96k � 8)e�4⇡� +O(e�6⇡�)

⇤
(⇡a cot(⇡a)� 1)

<latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit><latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit><latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit><latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit>

· · ·

<latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit><latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit><latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit><latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit>

SA = � lim
n!1

d

dn
tr ⇢nA

<latexit sha1_base64="7nrFk1s0FAkcaHbRnefvY130UnA="></latexit><latexit sha1_base64="7nrFk1s0FAkcaHbRnefvY130UnA="></latexit><latexit sha1_base64="7nrFk1s0FAkcaHbRnefvY130UnA="></latexit>

mutual information ~      at high temperature

SBH
<latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit>



• Topological gravity    replica trick yields TEE 

• Thermal AdS: 

    

   

• BTZ: 2-sided here, with Penrose diagram: 

     

                                                               

                                         A 3d/bulk version of ER=EPR!

a

1-a

A

B

<latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit><latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit><latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit><latexit sha1_base64="XNabdfX7bwpyoWP26SSkH18cj5g="></latexit>

· · ·

<latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit><latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit><latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit><latexit sha1_base64="1bpe1nT9R4HR3r693Pd0EPVuM4Q="></latexit>

 “Eternal black hole” 
[J. M. Maldacena, JHEP 2003]

!
<latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit><latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit><latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit><latexit sha1_base64="nSosR+mI7S8UtOp2Ka/BGQUae5E=">AAACLXicbVDNSsNAGNzUv1qttnr0EiyCp5CIoN6KXjxWsLbQlrLZbJOlm92w+0WpoY/hVV/BpxEE8epruEl7sK0DC8PM9zHfjp9wpsF1P63S2vrG5lZ5u7KzW93br9UPHrRMFaFtIrlUXR9rypmgbWDAaTdRFMc+px1/fJP7nUeqNJPiHiYJHcQ4FGzECAYj9fqKhRFgpeTTsNZwHbeAvUq8OWmgOVrDulXtB5KkMRVAONa657kJDDKsgBFOp5V+qmmCyRiHtGeowDHVg6y4eWqfGCWwR1KZJ8Au1L8bGY61nsS+mYwxRHrZy8X/vF4Ko8tBxkSSAhVkFjRKuQ3SzguwA6YoAT4xBBPFzK02ibDCBExNCynAxs+zX+SMM19hNckCSqQq2tNOYtJjqZKIiXBqCvSW61ol7TPnyvHuzhvN63mTZXSEjtEp8tAFaqJb1EJtRJBEL+gVvVnv1of1ZX3PRkvWfOcQLcD6+QWmRKo1</latexit>

mutual information ~0 at low temperature

III

J +

i+

i�

i+

i�

r = 0

III

r = 0

IV

<latexit sha1_base64="wKetet1GleVDOwXfYSLNGh8kOXI="></latexit><latexit sha1_base64="wKetet1GleVDOwXfYSLNGh8kOXI="></latexit><latexit sha1_base64="wKetet1GleVDOwXfYSLNGh8kOXI="></latexit><latexit sha1_base64="wKetet1GleVDOwXfYSLNGh8kOXI="></latexit>

SA = � lim
n!1

d

dn
tr ⇢nA

<latexit sha1_base64="7nrFk1s0FAkcaHbRnefvY130UnA="></latexit><latexit sha1_base64="7nrFk1s0FAkcaHbRnefvY130UnA="></latexit><latexit sha1_base64="7nrFk1s0FAkcaHbRnefvY130UnA="></latexit>

STAdS(a) ⇡
⇥
96ke�2⇡� + (96k � 8)e�4⇡� +O(e�6⇡�)

⇤
(⇡a cot(⇡a)� 1)

<latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit><latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit><latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit><latexit sha1_base64="KyXLutv9xwN4fnyHm2fU3N8QtxA="></latexit>

TEE Calculations



Modular Invariance
• Sum over geometries: 

• Genus 1 modular-invariant partition function is a polynomial 
of   -invariant (             ): 

  

• At level          , matching achieved by                    for BTZ 

• Conway-Norton conjecture on coefficients in    & dimensions 
of irreps of monster group     : 

•      has order ~            , but only 194 conjugacy classes/irreps

Z(⌧) =
X

c,d

Zc,d(⌧) =
X

c,d

Z0,1

✓
a⌧ + b

c⌧ + d

◆

<latexit sha1_base64="WY+ySvHmerA21xiBVWEdu5FiY3c="></latexit><latexit sha1_base64="WY+ySvHmerA21xiBVWEdu5FiY3c="></latexit><latexit sha1_base64="WY+ySvHmerA21xiBVWEdu5FiY3c="></latexit>

k = 1
<latexit sha1_base64="UD8DEajE9aQjNX2DIOhSFkVEWBU=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqAeh6MVjRWMLbSib7aZdutmE3YlQQ36CV/0BnsSrf8azf8Rtm4OtPhh4vDfDzLwgEVyj43xZpaXlldW18nplY3Nre6e6u/eg41RR5tFYxKodEM0El8xDjoK1E8VIFAjWCkbXE7/1yJTmsbzHccL8iAwkDzklaKS70aXbq9acujOF/Ze4BalBgWav+t3txzSNmEQqiNYd10nQz4hCTgXLK91Us4TQERmwjqGSREz72fTU3D4ySt8OY2VKoj1Vf09kJNJ6HAWmMyI41IveRPzP66QYnvsZl0mKTNLZojAVNsb25G+7zxWjKMaGEKq4udWmQ6IIRZPO3Bbko6fcpOIuZvCXeCf1i7pze1prXBXxlOEADuEYXDiDBtxAEzygMIBneIFXK7ferHfrY9ZasoqZfZiD9fkDV/mU2Q==</latexit><latexit sha1_base64="UD8DEajE9aQjNX2DIOhSFkVEWBU=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqAeh6MVjRWMLbSib7aZdutmE3YlQQ36CV/0BnsSrf8azf8Rtm4OtPhh4vDfDzLwgEVyj43xZpaXlldW18nplY3Nre6e6u/eg41RR5tFYxKodEM0El8xDjoK1E8VIFAjWCkbXE7/1yJTmsbzHccL8iAwkDzklaKS70aXbq9acujOF/Ze4BalBgWav+t3txzSNmEQqiNYd10nQz4hCTgXLK91Us4TQERmwjqGSREz72fTU3D4ySt8OY2VKoj1Vf09kJNJ6HAWmMyI41IveRPzP66QYnvsZl0mKTNLZojAVNsb25G+7zxWjKMaGEKq4udWmQ6IIRZPO3Bbko6fcpOIuZvCXeCf1i7pze1prXBXxlOEADuEYXDiDBtxAEzygMIBneIFXK7ferHfrY9ZasoqZfZiD9fkDV/mU2Q==</latexit><latexit sha1_base64="UD8DEajE9aQjNX2DIOhSFkVEWBU=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqAeh6MVjRWMLbSib7aZdutmE3YlQQ36CV/0BnsSrf8azf8Rtm4OtPhh4vDfDzLwgEVyj43xZpaXlldW18nplY3Nre6e6u/eg41RR5tFYxKodEM0El8xDjoK1E8VIFAjWCkbXE7/1yJTmsbzHccL8iAwkDzklaKS70aXbq9acujOF/Ze4BalBgWav+t3txzSNmEQqiNYd10nQz4hCTgXLK91Us4TQERmwjqGSREz72fTU3D4ySt8OY2VKoj1Vf09kJNJ6HAWmMyI41IveRPzP66QYnvsZl0mKTNLZojAVNsb25G+7zxWjKMaGEKq4udWmQ6IIRZPO3Bbko6fcpOIuZvCXeCf1i7pze1prXBXxlOEADuEYXDiDBtxAEzygMIBneIFXK7ferHfrY9ZasoqZfZiD9fkDV/mU2Q==</latexit>

J(⌧) = q�1 + 196884q + 21493760q2 + 864299970q3 + . . .
<latexit sha1_base64="8a8tYzw0sUj/xAL4vYz/sg7vFkY="></latexit><latexit sha1_base64="8a8tYzw0sUj/xAL4vYz/sg7vFkY="></latexit><latexit sha1_base64="8a8tYzw0sUj/xAL4vYz/sg7vFkY="></latexit>

Z(⌧) = J(⌧)
<latexit sha1_base64="AONs5EtvcJR43D0OYnGTolSayU0=">AAACCHicbVDLSsNAFJ3UV62PRl26GSxC3ZRUBHUhFN2IqwrGFttQJtNJO3QyCTM3Qg39Aj/BrX6AK3HrX7j2R5y2WdjWA5d7OOde7uX4seAaHOfbyi0tr6yu5dcLG5tb20V7Z/deR4mizKWRiFTTJ5oJLpkLHARrxoqR0Bes4Q+uxn7jkSnNI3kHw5h5IelJHnBKwEgdu/hQbgNJji5upr1jl5yKMwFeJNWMlFCGesf+aXcjmoRMAhVE61bVicFLiQJOBRsV2olmMaED0mMtQyUJmfbSyeMjfGiULg4iZUoCnqh/N1ISaj0MfTMZEujreW8s/ue1EgjOvJTLOAEm6fRQkAgMER6ngLtcMQpiaAihiptfMe0TRSiYrGauAB88jUwq1fkMFol7XDmvOLcnpdplFk8e7aMDVEZVdIpq6BrVkYsoStALekVv1rP1bn1Yn9PRnJXt7KEZWF+/7wCZeA==</latexit><latexit sha1_base64="AONs5EtvcJR43D0OYnGTolSayU0=">AAACCHicbVDLSsNAFJ3UV62PRl26GSxC3ZRUBHUhFN2IqwrGFttQJtNJO3QyCTM3Qg39Aj/BrX6AK3HrX7j2R5y2WdjWA5d7OOde7uX4seAaHOfbyi0tr6yu5dcLG5tb20V7Z/deR4mizKWRiFTTJ5oJLpkLHARrxoqR0Bes4Q+uxn7jkSnNI3kHw5h5IelJHnBKwEgdu/hQbgNJji5upr1jl5yKMwFeJNWMlFCGesf+aXcjmoRMAhVE61bVicFLiQJOBRsV2olmMaED0mMtQyUJmfbSyeMjfGiULg4iZUoCnqh/N1ISaj0MfTMZEujreW8s/ue1EgjOvJTLOAEm6fRQkAgMER6ngLtcMQpiaAihiptfMe0TRSiYrGauAB88jUwq1fkMFol7XDmvOLcnpdplFk8e7aMDVEZVdIpq6BrVkYsoStALekVv1rP1bn1Yn9PRnJXt7KEZWF+/7wCZeA==</latexit><latexit sha1_base64="AONs5EtvcJR43D0OYnGTolSayU0=">AAACCHicbVDLSsNAFJ3UV62PRl26GSxC3ZRUBHUhFN2IqwrGFttQJtNJO3QyCTM3Qg39Aj/BrX6AK3HrX7j2R5y2WdjWA5d7OOde7uX4seAaHOfbyi0tr6yu5dcLG5tb20V7Z/deR4mizKWRiFTTJ5oJLpkLHARrxoqR0Bes4Q+uxn7jkSnNI3kHw5h5IelJHnBKwEgdu/hQbgNJji5upr1jl5yKMwFeJNWMlFCGesf+aXcjmoRMAhVE61bVicFLiQJOBRsV2olmMaED0mMtQyUJmfbSyeMjfGiULg4iZUoCnqh/N1ISaj0MfTMZEujreW8s/ue1EgjOvJTLOAEm6fRQkAgMER6ngLtcMQpiaAihiptfMe0TRSiYrGauAB88jUwq1fkMFol7XDmvOLcnpdplFk8e7aMDVEZVdIpq6BrVkYsoStALekVv1rP1bn1Yn9PRnJXt7KEZWF+/7wCZeA==</latexit>

196884 = 1 + 196883
<latexit sha1_base64="LdDgQSpJtKu1RMq3LC2CfZWGU9o=">AAACCHicbZDPSsNAEMY39V+tfxr16CVYBEEoiRZtD0LRi8cKxhbaUDbbTbt0swm7E6GWPoGP4FUfwJN49S08+yJu0xxs6wcDP76ZYYbPjzlTYNvfRm5ldW19I79Z2Nre2S2ae/sPKkokoS6JeCRbPlaUM0FdYMBpK5YUhz6nTX94M+03H6lULBL3MIqpF+K+YAEjGLTVNYtO7aJarVw5pymcd82SXbZTWcvgZFBCmRpd86fTi0gSUgGEY6Xajh2DN8YSGOF0UugkisaYDHGftjUKHFLljdPHJ9axdnpWEEldAqzU/bsxxqFSo9DXkyGGgVrsTc3/eu0Egqo3ZiJOgAoyOxQk3ILImqZg9ZikBPhIAyaS6V8tMsASE9BZzV0BNnya6FScxQyWwT0r18r2XaVUv87iyaNDdIROkIMuUR3dogZyEUEJekGv6M14Nt6ND+NzNpozsp0DNCfj6xc7AJfJ</latexit><latexit sha1_base64="LdDgQSpJtKu1RMq3LC2CfZWGU9o=">AAACCHicbZDPSsNAEMY39V+tfxr16CVYBEEoiRZtD0LRi8cKxhbaUDbbTbt0swm7E6GWPoGP4FUfwJN49S08+yJu0xxs6wcDP76ZYYbPjzlTYNvfRm5ldW19I79Z2Nre2S2ae/sPKkokoS6JeCRbPlaUM0FdYMBpK5YUhz6nTX94M+03H6lULBL3MIqpF+K+YAEjGLTVNYtO7aJarVw5pymcd82SXbZTWcvgZFBCmRpd86fTi0gSUgGEY6Xajh2DN8YSGOF0UugkisaYDHGftjUKHFLljdPHJ9axdnpWEEldAqzU/bsxxqFSo9DXkyGGgVrsTc3/eu0Egqo3ZiJOgAoyOxQk3ILImqZg9ZikBPhIAyaS6V8tMsASE9BZzV0BNnya6FScxQyWwT0r18r2XaVUv87iyaNDdIROkIMuUR3dogZyEUEJekGv6M14Nt6ND+NzNpozsp0DNCfj6xc7AJfJ</latexit><latexit sha1_base64="LdDgQSpJtKu1RMq3LC2CfZWGU9o=">AAACCHicbZDPSsNAEMY39V+tfxr16CVYBEEoiRZtD0LRi8cKxhbaUDbbTbt0swm7E6GWPoGP4FUfwJN49S08+yJu0xxs6wcDP76ZYYbPjzlTYNvfRm5ldW19I79Z2Nre2S2ae/sPKkokoS6JeCRbPlaUM0FdYMBpK5YUhz6nTX94M+03H6lULBL3MIqpF+K+YAEjGLTVNYtO7aJarVw5pymcd82SXbZTWcvgZFBCmRpd86fTi0gSUgGEY6Xajh2DN8YSGOF0UugkisaYDHGftjUKHFLljdPHJ9axdnpWEEldAqzU/bsxxqFSo9DXkyGGgVrsTc3/eu0Egqo3ZiJOgAoyOxQk3ILImqZg9ZikBPhIAyaS6V8tMsASE9BZzV0BNnya6FScxQyWwT0r18r2XaVUv87iyaNDdIROkIMuUR3dogZyEUEJekGv6M14Nt6ND+NzNpozsp0DNCfj6xc7AJfJ</latexit>

21493760 = 1 + 196883 + 21296876
<latexit sha1_base64="ok1h1pe1hsTx2v/xt3QQ4M5dTd0=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARBKFM2tLLQii6cVnBsYV2KJk004ZmLiQZoQ7d+hQ+glt9AFfi1pVrX8S0nYVt/SHw8Z9zOCe/G3EmlWV9G5m19Y3Nrex2bmd3b//APDy6l2EsCLVJyEPRdrGknAXUVkxx2o4Exb7LacsdXU/rrQcqJAuDOzWOqOPjQcA8RrDSVs+ERVSul6oVC15CBC8gqldqtZKGIipqrFZ6Zt4qWDPBVUAp5EGqZs/86fZDEvs0UIRjKTvIipSTYKEY4XSS68aSRpiM8IB2NAbYp9JJZj+ZwDPt9KEXCv0CBWfu34kE+1KOfVd3+lgN5XJtav5X68TKqzkJC6JY0YDMF3kxhyqE01hgnwlKFB9rwEQwfSskQywwUTq8hS2KjR4nOhW0nMEq2MVCvWDdlvONqzSeLDgBp+AcIFAFDXADmsAGBDyBF/AK3oxn4934MD7nrRkjnTkGCzK+fgGeoJtj</latexit><latexit sha1_base64="ok1h1pe1hsTx2v/xt3QQ4M5dTd0=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARBKFM2tLLQii6cVnBsYV2KJk004ZmLiQZoQ7d+hQ+glt9AFfi1pVrX8S0nYVt/SHw8Z9zOCe/G3EmlWV9G5m19Y3Nrex2bmd3b//APDy6l2EsCLVJyEPRdrGknAXUVkxx2o4Exb7LacsdXU/rrQcqJAuDOzWOqOPjQcA8RrDSVs+ERVSul6oVC15CBC8gqldqtZKGIipqrFZ6Zt4qWDPBVUAp5EGqZs/86fZDEvs0UIRjKTvIipSTYKEY4XSS68aSRpiM8IB2NAbYp9JJZj+ZwDPt9KEXCv0CBWfu34kE+1KOfVd3+lgN5XJtav5X68TKqzkJC6JY0YDMF3kxhyqE01hgnwlKFB9rwEQwfSskQywwUTq8hS2KjR4nOhW0nMEq2MVCvWDdlvONqzSeLDgBp+AcIFAFDXADmsAGBDyBF/AK3oxn4934MD7nrRkjnTkGCzK+fgGeoJtj</latexit><latexit sha1_base64="ok1h1pe1hsTx2v/xt3QQ4M5dTd0=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARBKFM2tLLQii6cVnBsYV2KJk004ZmLiQZoQ7d+hQ+glt9AFfi1pVrX8S0nYVt/SHw8Z9zOCe/G3EmlWV9G5m19Y3Nrex2bmd3b//APDy6l2EsCLVJyEPRdrGknAXUVkxx2o4Exb7LacsdXU/rrQcqJAuDOzWOqOPjQcA8RrDSVs+ERVSul6oVC15CBC8gqldqtZKGIipqrFZ6Zt4qWDPBVUAp5EGqZs/86fZDEvs0UIRjKTvIipSTYKEY4XSS68aSRpiM8IB2NAbYp9JJZj+ZwDPt9KEXCv0CBWfu34kE+1KOfVd3+lgN5XJtav5X68TKqzkJC6JY0YDMF3kxhyqE01hgnwlKFB9rwEQwfSskQywwUTq8hS2KjR4nOhW0nMEq2MVCvWDdlvONqzSeLDgBp+AcIFAFDXADmsAGBDyBF/AK3oxn4934MD7nrRkjnTkGCzK+fgGeoJtj</latexit>

j
<latexit sha1_base64="l47KlHCoX5jluYZqyiUSFcHGwDs=">AAAB+HicbVBNS8NAEN34WetX1aOXxSJ4KqkI6q3oxWMLxhbaUDbbSbt2swm7E6GG/gKv+gM8iVf/jWf/iNs2B9v6YODx3gwz84JECoOu++2srK6tb2wWtorbO7t7+6WDwwcTp5qDx2MZ61bADEihwEOBElqJBhYFEprB8HbiN59AGxGrexwl4Eesr0QoOEMrNR67pbJbcaegy6SakzLJUe+Wfjq9mKcRKOSSGdOuugn6GdMouIRxsZMaSBgfsj60LVUsAuNn00PH9NQqPRrG2pZCOlX/TmQsMmYUBbYzYjgwi95E/M9rpxhe+ZlQSYqg+GxRmEqKMZ18TXtCA0c5soRxLeytlA+YZhxtNnNbUAyfxzaV6mIGy8Q7r1xX3MZFuXaTx1Mgx+SEnJEquSQ1ckfqxCOcAHkhr+TNyZx358P5nLWuOPnMEZmD8/ULXcGUVg==</latexit><latexit sha1_base64="l47KlHCoX5jluYZqyiUSFcHGwDs=">AAAB+HicbVBNS8NAEN34WetX1aOXxSJ4KqkI6q3oxWMLxhbaUDbbSbt2swm7E6GG/gKv+gM8iVf/jWf/iNs2B9v6YODx3gwz84JECoOu++2srK6tb2wWtorbO7t7+6WDwwcTp5qDx2MZ61bADEihwEOBElqJBhYFEprB8HbiN59AGxGrexwl4Eesr0QoOEMrNR67pbJbcaegy6SakzLJUe+Wfjq9mKcRKOSSGdOuugn6GdMouIRxsZMaSBgfsj60LVUsAuNn00PH9NQqPRrG2pZCOlX/TmQsMmYUBbYzYjgwi95E/M9rpxhe+ZlQSYqg+GxRmEqKMZ18TXtCA0c5soRxLeytlA+YZhxtNnNbUAyfxzaV6mIGy8Q7r1xX3MZFuXaTx1Mgx+SEnJEquSQ1ckfqxCOcAHkhr+TNyZx358P5nLWuOPnMEZmD8/ULXcGUVg==</latexit><latexit sha1_base64="l47KlHCoX5jluYZqyiUSFcHGwDs=">AAAB+HicbVBNS8NAEN34WetX1aOXxSJ4KqkI6q3oxWMLxhbaUDbbSbt2swm7E6GG/gKv+gM8iVf/jWf/iNs2B9v6YODx3gwz84JECoOu++2srK6tb2wWtorbO7t7+6WDwwcTp5qDx2MZ61bADEihwEOBElqJBhYFEprB8HbiN59AGxGrexwl4Eesr0QoOEMrNR67pbJbcaegy6SakzLJUe+Wfjq9mKcRKOSSGdOuugn6GdMouIRxsZMaSBgfsj60LVUsAuNn00PH9NQqPRrG2pZCOlX/TmQsMmYUBbYzYjgwi95E/M9rpxhe+ZlQSYqg+GxRmEqKMZ18TXtCA0c5soRxLeytlA+YZhxtNnNbUAyfxzaV6mIGy8Q7r1xX3MZFuXaTx1Mgx+SEnJEquSQ1ckfqxCOcAHkhr+TNyZx358P5nLWuOPnMEZmD8/ULXcGUVg==</latexit>

M
<latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit> 8⇥ 1053

<latexit sha1_base64="Kd2bsMD1nd3+5RODKiNM2m6K8Oc=">AAACCXicbVDLTsJAFJ3iC/FVdelmIjFxRVofEXdENy4xsUIClUyHKUyYPjJzS4INfoGf4FY/wJVx61e49kecQhcCnuQmJ+fcm3NzvFhwBZb1bRSWlldW14rrpY3Nre0dc3fvXkWJpMyhkYhk0yOKCR4yBzgI1owlI4EnWMMbXGd+Y8ik4lF4B6OYuQHphdznlICWOqb5VG0DD5jCtvWQnp+OO2bZqlgT4EVi56SMctQ75k+7G9EkYCFQQZRq2VYMbkokcCrYuNROFIsJHZAea2kaEh3mppPPx/hIK13sR1JPCHii/r1ISaDUKPD0ZkCgr+a9TPzPayXgV92Uh3ECLKTTID8RGCKc1YC7XDIKYqQJoZLrXzHtE0ko6LJmUoAPHrNW7PkOFolzUrms2Ldn5dpVXk8RHaBDdIxsdIFq6AbVkYMoGqIX9IrejGfj3fgwPqerBSO/2UczML5+ASDCmic=</latexit><latexit sha1_base64="Kd2bsMD1nd3+5RODKiNM2m6K8Oc=">AAACCXicbVDLTsJAFJ3iC/FVdelmIjFxRVofEXdENy4xsUIClUyHKUyYPjJzS4INfoGf4FY/wJVx61e49kecQhcCnuQmJ+fcm3NzvFhwBZb1bRSWlldW14rrpY3Nre0dc3fvXkWJpMyhkYhk0yOKCR4yBzgI1owlI4EnWMMbXGd+Y8ik4lF4B6OYuQHphdznlICWOqb5VG0DD5jCtvWQnp+OO2bZqlgT4EVi56SMctQ75k+7G9EkYCFQQZRq2VYMbkokcCrYuNROFIsJHZAea2kaEh3mppPPx/hIK13sR1JPCHii/r1ISaDUKPD0ZkCgr+a9TPzPayXgV92Uh3ECLKTTID8RGCKc1YC7XDIKYqQJoZLrXzHtE0ko6LJmUoAPHrNW7PkOFolzUrms2Ldn5dpVXk8RHaBDdIxsdIFq6AbVkYMoGqIX9IrejGfj3fgwPqerBSO/2UczML5+ASDCmic=</latexit><latexit sha1_base64="Kd2bsMD1nd3+5RODKiNM2m6K8Oc=">AAACCXicbVDLTsJAFJ3iC/FVdelmIjFxRVofEXdENy4xsUIClUyHKUyYPjJzS4INfoGf4FY/wJVx61e49kecQhcCnuQmJ+fcm3NzvFhwBZb1bRSWlldW14rrpY3Nre0dc3fvXkWJpMyhkYhk0yOKCR4yBzgI1owlI4EnWMMbXGd+Y8ik4lF4B6OYuQHphdznlICWOqb5VG0DD5jCtvWQnp+OO2bZqlgT4EVi56SMctQ75k+7G9EkYCFQQZRq2VYMbkokcCrYuNROFIsJHZAea2kaEh3mppPPx/hIK13sR1JPCHii/r1ISaDUKPD0ZkCgr+a9TPzPayXgV92Uh3ECLKTTID8RGCKc1YC7XDIKYqQJoZLrXzHtE0ko6LJmUoAPHrNW7PkOFolzUrms2Ldn5dpVXk8RHaBDdIxsdIFq6AbVkYMoGqIX9IrejGfj3fgwPqerBSO/2UczML5+ASDCmic=</latexit><latexit sha1_base64="Kd2bsMD1nd3+5RODKiNM2m6K8Oc=">AAACCXicbVDLTsJAFJ3iC/FVdelmIjFxRVofEXdENy4xsUIClUyHKUyYPjJzS4INfoGf4FY/wJVx61e49kecQhcCnuQmJ+fcm3NzvFhwBZb1bRSWlldW14rrpY3Nre0dc3fvXkWJpMyhkYhk0yOKCR4yBzgI1owlI4EnWMMbXGd+Y8ik4lF4B6OYuQHphdznlICWOqb5VG0DD5jCtvWQnp+OO2bZqlgT4EVi56SMctQ75k+7G9EkYCFQQZRq2VYMbkokcCrYuNROFIsJHZAea2kaEh3mppPPx/hIK13sR1JPCHii/r1ISaDUKPD0ZkCgr+a9TPzPayXgV92Uh3ECLKTTID8RGCKc1YC7XDIKYqQJoZLrXzHtE0ko6LJmUoAPHrNW7PkOFolzUrms2Ldn5dpVXk8RHaBDdIxsdIFq6AbVkYMoGqIX9IrejGfj3fgwPqerBSO/2UczML5+ASDCmic=</latexit>

M
<latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit>

q = e2⇡i⌧
<latexit sha1_base64="b6K2aokhxRyKLJVSruqCPgPlF44=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlIEdSEU3bisYGyhiWUynbRDJ5M4c1OooX/gJ7jVD3Albv0K1/6ISZuFbT1w4XDOvZzL8WPBNVjWt7G0vLK6tl7aKG9ube/smnv79zpKFGUOjUSkWj7RTHDJHOAgWCtWjIS+YE1/cJ37zSFTmkfyDkYx80LSkzzglEAmdUzz8ZI9pDU35pi7QJJxx6xYVWsCvEjsglRQgUbH/HG7EU1CJoEKonXbtmLwUqKAU8HGZTfRLCZ0QHqsnVFJQqa9dPL5GB9nShcHkcpGAp6ofy9SEmo9Cv1sMyTQ1/NeLv7ntRMIzr2UyzgBJuk0KEgEhgjnNeAuV4yCGGWEUMWzXzHtE0UoZGXNpAAfPOWt2PMdLBKnVr2oWrenlfpVUU8JHaIjdIJsdIbq6AY1kIMoGqIX9IrejGfj3fgwPqerS0Zxc4BmYHz9Av2SmrI=</latexit><latexit sha1_base64="b6K2aokhxRyKLJVSruqCPgPlF44=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlIEdSEU3bisYGyhiWUynbRDJ5M4c1OooX/gJ7jVD3Albv0K1/6ISZuFbT1w4XDOvZzL8WPBNVjWt7G0vLK6tl7aKG9ube/smnv79zpKFGUOjUSkWj7RTHDJHOAgWCtWjIS+YE1/cJ37zSFTmkfyDkYx80LSkzzglEAmdUzz8ZI9pDU35pi7QJJxx6xYVWsCvEjsglRQgUbH/HG7EU1CJoEKonXbtmLwUqKAU8HGZTfRLCZ0QHqsnVFJQqa9dPL5GB9nShcHkcpGAp6ofy9SEmo9Cv1sMyTQ1/NeLv7ntRMIzr2UyzgBJuk0KEgEhgjnNeAuV4yCGGWEUMWzXzHtE0UoZGXNpAAfPOWt2PMdLBKnVr2oWrenlfpVUU8JHaIjdIJsdIbq6AY1kIMoGqIX9IrejGfj3fgwPqerS0Zxc4BmYHz9Av2SmrI=</latexit><latexit sha1_base64="b6K2aokhxRyKLJVSruqCPgPlF44=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlIEdSEU3bisYGyhiWUynbRDJ5M4c1OooX/gJ7jVD3Albv0K1/6ISZuFbT1w4XDOvZzL8WPBNVjWt7G0vLK6tl7aKG9ube/smnv79zpKFGUOjUSkWj7RTHDJHOAgWCtWjIS+YE1/cJ37zSFTmkfyDkYx80LSkzzglEAmdUzz8ZI9pDU35pi7QJJxx6xYVWsCvEjsglRQgUbH/HG7EU1CJoEKonXbtmLwUqKAU8HGZTfRLCZ0QHqsnVFJQqa9dPL5GB9nShcHkcpGAp6ofy9SEmo9Cv1sMyTQ1/NeLv7ntRMIzr2UyzgBJuk0KEgEhgjnNeAuV4yCGGWEUMWzXzHtE0UoZGXNpAAfPOWt2PMdLBKnVr2oWrenlfpVUU8JHaIjdIJsdIbq6AY1kIMoGqIX9IrejGfj3fgwPqerS0Zxc4BmYHz9Av2SmrI=</latexit>

j
<latexit sha1_base64="Ta21yllbub++SpumjJ/kgOkazEU=">AAACJHicbVBNS8NAEN3Ur1qttnr0EiyCp5CIoMeiF48t2A9oQ9lsJu3azW7Y3Qg19Bd41b/gr/EmHrz4W9ykPdjqwMDjvRnezAsSRpV23S+rtLG5tb1T3q3s7VcPDmv1o64SqSTQIYIJ2Q+wAkY5dDTVDPqJBBwHDHrB9DbXe48gFRX8Xs8S8GM85jSiBGtDtR9GtYbruEXZf4G3BA20rNaoblWHoSBpDFwThpUaeG6i/QxLTQmDeWWYKkgwmeIxDAzkOAblZ8Wlc/vMMKEdCWmaa7tgf29kOFZqFgdmMsZ6ota1nPxPG6Q6uvYzypNUAycLoyhlthZ2/rYdUglEs5kBmEhqbrXJBEtMtAlnxUXT6dPiixwxGkgsZ1kIRMgiM+Ukxj0WMplQPp6bAL31uP6C7oXjuY7Xvmw0b5ZRltEJOkXnyENXqInuUAt1EEGAntELerXerHfrw/pcjJas5c4xWinr+wdh16XC</latexit><latexit sha1_base64="Ta21yllbub++SpumjJ/kgOkazEU=">AAACJHicbVBNS8NAEN3Ur1qttnr0EiyCp5CIoMeiF48t2A9oQ9lsJu3azW7Y3Qg19Bd41b/gr/EmHrz4W9ykPdjqwMDjvRnezAsSRpV23S+rtLG5tb1T3q3s7VcPDmv1o64SqSTQIYIJ2Q+wAkY5dDTVDPqJBBwHDHrB9DbXe48gFRX8Xs8S8GM85jSiBGtDtR9GtYbruEXZf4G3BA20rNaoblWHoSBpDFwThpUaeG6i/QxLTQmDeWWYKkgwmeIxDAzkOAblZ8Wlc/vMMKEdCWmaa7tgf29kOFZqFgdmMsZ6ota1nPxPG6Q6uvYzypNUAycLoyhlthZ2/rYdUglEs5kBmEhqbrXJBEtMtAlnxUXT6dPiixwxGkgsZ1kIRMgiM+Ukxj0WMplQPp6bAL31uP6C7oXjuY7Xvmw0b5ZRltEJOkXnyENXqInuUAt1EEGAntELerXerHfrw/pcjJas5c4xWinr+wdh16XC</latexit><latexit sha1_base64="Ta21yllbub++SpumjJ/kgOkazEU=">AAACJHicbVBNS8NAEN3Ur1qttnr0EiyCp5CIoMeiF48t2A9oQ9lsJu3azW7Y3Qg19Bd41b/gr/EmHrz4W9ykPdjqwMDjvRnezAsSRpV23S+rtLG5tb1T3q3s7VcPDmv1o64SqSTQIYIJ2Q+wAkY5dDTVDPqJBBwHDHrB9DbXe48gFRX8Xs8S8GM85jSiBGtDtR9GtYbruEXZf4G3BA20rNaoblWHoSBpDFwThpUaeG6i/QxLTQmDeWWYKkgwmeIxDAzkOAblZ8Wlc/vMMKEdCWmaa7tgf29kOFZqFgdmMsZ6ota1nPxPG6Q6uvYzypNUAycLoyhlthZ2/rYdUglEs5kBmEhqbrXJBEtMtAlnxUXT6dPiixwxGkgsZ1kIRMgiM+Ukxj0WMplQPp6bAL31uP6C7oXjuY7Xvmw0b5ZRltEJOkXnyENXqInuUAt1EEGAntELerXerHfrw/pcjJas5c4xWinr+wdh16XC</latexit><latexit sha1_base64="Ta21yllbub++SpumjJ/kgOkazEU=">AAACJHicbVBNS8NAEN3Ur1qttnr0EiyCp5CIoMeiF48t2A9oQ9lsJu3azW7Y3Qg19Bd41b/gr/EmHrz4W9ykPdjqwMDjvRnezAsSRpV23S+rtLG5tb1T3q3s7VcPDmv1o64SqSTQIYIJ2Q+wAkY5dDTVDPqJBBwHDHrB9DbXe48gFRX8Xs8S8GM85jSiBGtDtR9GtYbruEXZf4G3BA20rNaoblWHoSBpDFwThpUaeG6i/QxLTQmDeWWYKkgwmeIxDAzkOAblZ8Wlc/vMMKEdCWmaa7tgf29kOFZqFgdmMsZ6ota1nPxPG6Q6uvYzypNUAycLoyhlthZ2/rYdUglEs5kBmEhqbrXJBEtMtAlnxUXT6dPiixwxGkgsZ1kIRMgiM+Ukxj0WMplQPp6bAL31uP6C7oXjuY7Xvmw0b5ZRltEJOkXnyENXqInuUAt1EEGAntELerXerHfrw/pcjJas5c4xWinr+wdh16XC</latexit>



Moonshine Double States
•                                                                                        

     of     -modules. 

• At high temperature, log of      coefficient agrees with        at 
energy     [Witten, arXiv: 0706.3359] 

•     appears twice: agree with wormhole described by “max. 
entangled” superpositions [J. Baez, Class. Quantum Grav. 2014] 

• Quasiparticle pair labelled by irreps of    :  

• The full system is

| i =
193X

i=0

dip
M

|i, i⇤i
<latexit sha1_base64="4OAzV/jok8o/XcM26l3ft3MRq/M="></latexit><latexit sha1_base64="4OAzV/jok8o/XcM26l3ft3MRq/M="></latexit><latexit sha1_base64="4OAzV/jok8o/XcM26l3ft3MRq/M="></latexit>

M
<latexit sha1_base64="ZuZIFleiBrD7MU7skjB/uMrF0+I=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKoN6KXrwIFYwttqFsti/t0s0m7G6EEvovvHhQ8erP8ea/cdPmoNWBhWHmPXbeBIng2rjul1NaWl5ZXSuvVzY2t7Z3qrt79zpOFUOPxSJWnYBqFFyiZ7gR2EkU0igQ2A7GV7nffkSleSzvzCRBP6JDyUPOqLHSQy+iZhQE2c20X625dXcG8pc0ClKDAq1+9bM3iFkaoTRMUK27DTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s1niKTmyyoCEsbJPGjJTf25kNNJ6EgV2Mk+oF71c/M/rpiY89zMuk9SgZPOPwlQQE5P8fDLgCpkRE0soU9xmJWxEFWXGllSxJTQWT/5LvJP6Rd29Pa01L4s2ynAAh3AMDTiDJlxDCzxgIOEJXuDV0c6z8+a8z0dLTrGzD7/gfHwDIDqQwA==</latexit><latexit sha1_base64="ZuZIFleiBrD7MU7skjB/uMrF0+I=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKoN6KXrwIFYwttqFsti/t0s0m7G6EEvovvHhQ8erP8ea/cdPmoNWBhWHmPXbeBIng2rjul1NaWl5ZXSuvVzY2t7Z3qrt79zpOFUOPxSJWnYBqFFyiZ7gR2EkU0igQ2A7GV7nffkSleSzvzCRBP6JDyUPOqLHSQy+iZhQE2c20X625dXcG8pc0ClKDAq1+9bM3iFkaoTRMUK27DTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s1niKTmyyoCEsbJPGjJTf25kNNJ6EgV2Mk+oF71c/M/rpiY89zMuk9SgZPOPwlQQE5P8fDLgCpkRE0soU9xmJWxEFWXGllSxJTQWT/5LvJP6Rd29Pa01L4s2ynAAh3AMDTiDJlxDCzxgIOEJXuDV0c6z8+a8z0dLTrGzD7/gfHwDIDqQwA==</latexit><latexit sha1_base64="ZuZIFleiBrD7MU7skjB/uMrF0+I=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKoN6KXrwIFYwttqFsti/t0s0m7G6EEvovvHhQ8erP8ea/cdPmoNWBhWHmPXbeBIng2rjul1NaWl5ZXSuvVzY2t7Z3qrt79zpOFUOPxSJWnYBqFFyiZ7gR2EkU0igQ2A7GV7nffkSleSzvzCRBP6JDyUPOqLHSQy+iZhQE2c20X625dXcG8pc0ClKDAq1+9bM3iFkaoTRMUK27DTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s1niKTmyyoCEsbJPGjJTf25kNNJ6EgV2Mk+oF71c/M/rpiY89zMuk9SgZPOPwlQQE5P8fDLgCpkRE0soU9xmJWxEFWXGllSxJTQWT/5LvJP6Rd29Pa01L4s2ynAAh3AMDTiDJlxDCzxgIOEJXuDV0c6z8+a8z0dLTrGzD7/gfHwDIDqQwA==</latexit>

di
<latexit sha1_base64="otQPTFjMNQEVfS8Wyc7VUBmzEkQ=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VrS20oWw2m3bpZhN2J0IN+Qle9Qd4Eq/+Gc/+EbdtDrb1wcDjvRlm5vmJ4Bod59sqrayurW+UNytb2zu7e9X9g0cdp4qyFo1FrDo+0UxwyVrIUbBOohiJfMHa/uhm4refmNI8lg84TpgXkYHkIacEjXQf9Hm/WnPqzhT2MnELUoMCzX71pxfENI2YRCqI1l3XSdDLiEJOBcsrvVSzhNARGbCuoZJETHvZ9NTcPjFKYIexMiXRnqp/JzISaT2OfNMZERzqRW8i/ud1UwwvvYzLJEUm6WxRmAobY3vytx1wxSiKsSGEKm5utemQKELRpDO3BfnoOTepuIsZLJPWWf2q7t6d1xrXRTxlOIJjOAUXLqABt9CEFlAYwAu8wpuVW+/Wh/U5ay1ZxcwhzMH6+gXbW5Ut</latexit><latexit sha1_base64="otQPTFjMNQEVfS8Wyc7VUBmzEkQ=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VrS20oWw2m3bpZhN2J0IN+Qle9Qd4Eq/+Gc/+EbdtDrb1wcDjvRlm5vmJ4Bod59sqrayurW+UNytb2zu7e9X9g0cdp4qyFo1FrDo+0UxwyVrIUbBOohiJfMHa/uhm4refmNI8lg84TpgXkYHkIacEjXQf9Hm/WnPqzhT2MnELUoMCzX71pxfENI2YRCqI1l3XSdDLiEJOBcsrvVSzhNARGbCuoZJETHvZ9NTcPjFKYIexMiXRnqp/JzISaT2OfNMZERzqRW8i/ud1UwwvvYzLJEUm6WxRmAobY3vytx1wxSiKsSGEKm5utemQKELRpDO3BfnoOTepuIsZLJPWWf2q7t6d1xrXRTxlOIJjOAUXLqABt9CEFlAYwAu8wpuVW+/Wh/U5ay1ZxcwhzMH6+gXbW5Ut</latexit><latexit sha1_base64="otQPTFjMNQEVfS8Wyc7VUBmzEkQ=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VrS20oWw2m3bpZhN2J0IN+Qle9Qd4Eq/+Gc/+EbdtDrb1wcDjvRlm5vmJ4Bod59sqrayurW+UNytb2zu7e9X9g0cdp4qyFo1FrDo+0UxwyVrIUbBOohiJfMHa/uhm4refmNI8lg84TpgXkYHkIacEjXQf9Hm/WnPqzhT2MnELUoMCzX71pxfENI2YRCqI1l3XSdDLiEJOBcsrvVSzhNARGbCuoZJETHvZ9NTcPjFKYIexMiXRnqp/JzISaT2OfNMZERzqRW8i/ud1UwwvvYzLJEUm6WxRmAobY3vytx1wxSiKsSGEKm5utemQKELRpDO3BfnoOTepuIsZLJPWWf2q7t6d1xrXRTxlOIJjOAUXLqABt9CEFlAYwAu8wpuVW+/Wh/U5ay1ZxcwhzMH6+gXbW5Ut</latexit><latexit sha1_base64="otQPTFjMNQEVfS8Wyc7VUBmzEkQ=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VrS20oWw2m3bpZhN2J0IN+Qle9Qd4Eq/+Gc/+EbdtDrb1wcDjvRlm5vmJ4Bod59sqrayurW+UNytb2zu7e9X9g0cdp4qyFo1FrDo+0UxwyVrIUbBOohiJfMHa/uhm4refmNI8lg84TpgXkYHkIacEjXQf9Hm/WnPqzhT2MnELUoMCzX71pxfENI2YRCqI1l3XSdDLiEJOBcsrvVSzhNARGbCuoZJETHvZ9NTcPjFKYIexMiXRnqp/JzISaT2OfNMZERzqRW8i/ud1UwwvvYzLJEUm6WxRmAobY3vytx1wxSiKsSGEKm5utemQKELRpDO3BfnoOTepuIsZLJPWWf2q7t6d1xrXRTxlOIJjOAUXLqABt9CEFlAYwAu8wpuVW+/Wh/U5ay1ZxcwhzMH6+gXbW5Ut</latexit>

i i⇤

<latexit sha1_base64="/UlZUHoadML15dEI9v0OnagzuHU="></latexit><latexit sha1_base64="/UlZUHoadML15dEI9v0OnagzuHU="></latexit><latexit sha1_base64="/UlZUHoadML15dEI9v0OnagzuHU="></latexit><latexit sha1_base64="/UlZUHoadML15dEI9v0OnagzuHU="></latexit>

⇢ = | ih |⌦ ⇢thermal
<latexit sha1_base64="nWmLUfqNgYaZkeGetOstB5D4giY="></latexit><latexit sha1_base64="nWmLUfqNgYaZkeGetOstB5D4giY="></latexit><latexit sha1_base64="nWmLUfqNgYaZkeGetOstB5D4giY="></latexit><latexit sha1_base64="nWmLUfqNgYaZkeGetOstB5D4giY="></latexit>

J(q) =
X

n

 
193X

i=0

mi(n)di

!
qn

<latexit sha1_base64="/5ViLbff+aipQpS+o3QwAtEUM70="></latexit><latexit sha1_base64="/5ViLbff+aipQpS+o3QwAtEUM70="></latexit><latexit sha1_base64="/5ViLbff+aipQpS+o3QwAtEUM70="></latexit>

mi(n) =
di
|M|

e4⇡
p
n

p
2n3/4

<latexit sha1_base64="FJdmt4FdQrgjzh8Ej8PFZoGGy9w="></latexit><latexit sha1_base64="FJdmt4FdQrgjzh8Ej8PFZoGGy9w="></latexit><latexit sha1_base64="FJdmt4FdQrgjzh8Ej8PFZoGGy9w="></latexit><latexit sha1_base64="FJdmt4FdQrgjzh8Ej8PFZoGGy9w="></latexit>

qn
<latexit sha1_base64="3NdldGi6Hr5HwWYNh/ik2h7cqTA=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjS20sWy2m3bpZhN3J0IN+Qle9Qd4Eq/+Gc/+EbcfB9v6YODx3gwz84JEcI2O820VlpZXVteK66WNza3tnfLu3r2OU0WZR2MRq2ZANBNcMg85CtZMFCNRIFgjGFyN/MYTU5rH8g6HCfMj0pM85JSgkW4fH2SnXHGqzhj2InGnpAJT1Dvln3Y3pmnEJFJBtG65ToJ+RhRyKlheaqeaJYQOSI+1DJUkYtrPxqfm9pFRunYYK1MS7bH6dyIjkdbDKDCdEcG+nvdG4n9eK8Xw3M+4TFJkkk4WhamwMbZHf9tdrhhFMTSEUMXNrTbtE0UomnRmtiAfPOcmFXc+g0XinVQvqu7NaaV2OY2nCAdwCMfgwhnU4Brq4AGFHrzAK7xZufVufVifk9aCNZ3ZhxlYX7/2SJU+</latexit><latexit sha1_base64="3NdldGi6Hr5HwWYNh/ik2h7cqTA=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjS20sWy2m3bpZhN3J0IN+Qle9Qd4Eq/+Gc/+EbcfB9v6YODx3gwz84JEcI2O820VlpZXVteK66WNza3tnfLu3r2OU0WZR2MRq2ZANBNcMg85CtZMFCNRIFgjGFyN/MYTU5rH8g6HCfMj0pM85JSgkW4fH2SnXHGqzhj2InGnpAJT1Dvln3Y3pmnEJFJBtG65ToJ+RhRyKlheaqeaJYQOSI+1DJUkYtrPxqfm9pFRunYYK1MS7bH6dyIjkdbDKDCdEcG+nvdG4n9eK8Xw3M+4TFJkkk4WhamwMbZHf9tdrhhFMTSEUMXNrTbtE0UomnRmtiAfPOcmFXc+g0XinVQvqu7NaaV2OY2nCAdwCMfgwhnU4Brq4AGFHrzAK7xZufVufVifk9aCNZ3ZhxlYX7/2SJU+</latexit><latexit sha1_base64="3NdldGi6Hr5HwWYNh/ik2h7cqTA=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjS20sWy2m3bpZhN3J0IN+Qle9Qd4Eq/+Gc/+EbcfB9v6YODx3gwz84JEcI2O820VlpZXVteK66WNza3tnfLu3r2OU0WZR2MRq2ZANBNcMg85CtZMFCNRIFgjGFyN/MYTU5rH8g6HCfMj0pM85JSgkW4fH2SnXHGqzhj2InGnpAJT1Dvln3Y3pmnEJFJBtG65ToJ+RhRyKlheaqeaJYQOSI+1DJUkYtrPxqfm9pFRunYYK1MS7bH6dyIjkdbDKDCdEcG+nvdG4n9eK8Xw3M+4TFJkkk4WhamwMbZHf9tdrhhFMTSEUMXNrTbtE0UomnRmtiAfPOcmFXc+g0XinVQvqu7NaaV2OY2nCAdwCMfgwhnU4Brq4AGFHrzAK7xZufVufVifk9aCNZ3ZhxlYX7/2SJU+</latexit><latexit sha1_base64="3NdldGi6Hr5HwWYNh/ik2h7cqTA=">AAAB+nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjS20sWy2m3bpZhN3J0IN+Qle9Qd4Eq/+Gc/+EbcfB9v6YODx3gwz84JEcI2O820VlpZXVteK66WNza3tnfLu3r2OU0WZR2MRq2ZANBNcMg85CtZMFCNRIFgjGFyN/MYTU5rH8g6HCfMj0pM85JSgkW4fH2SnXHGqzhj2InGnpAJT1Dvln3Y3pmnEJFJBtG65ToJ+RhRyKlheaqeaJYQOSI+1DJUkYtrPxqfm9pFRunYYK1MS7bH6dyIjkdbDKDCdEcG+nvdG4n9eK8Xw3M+4TFJkkk4WhamwMbZHf9tdrhhFMTSEUMXNrTbtE0UomnRmtiAfPOcmFXc+g0XinVQvqu7NaaV2OY2nCAdwCMfgwhnU4Brq4AGFHrzAK7xZufVufVifk9aCNZ3ZhxlYX7/2SJU+</latexit>

n
<latexit sha1_base64="uLEZA2+J8LFvzDaYeDsOD4R/IKo=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqaG65YpbdWegq8TLSYXkqHfLP51ezNMIFHLJjGl7boJBxjQKLmFS6qQGEsZHbABtSxWLwATZ7NAJPbNKj/ZjbUshnal/JzIWGTOOQtsZMRyaZW8q/ue1U+xfB5lQSYqg+HxRP5UUYzr9mvaEBo5ybAnjWthbKR8yzTjabBa2oBg9T2wq3nIGq8S/qN5UvcZlpXabx1MkJ+SUnBOPXJEauSd14hNOgLyQV/LmZM678+F8zlsLTj5zTBbgfP0CZGOUWw==</latexit><latexit sha1_base64="uLEZA2+J8LFvzDaYeDsOD4R/IKo=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqaG65YpbdWegq8TLSYXkqHfLP51ezNMIFHLJjGl7boJBxjQKLmFS6qQGEsZHbABtSxWLwATZ7NAJPbNKj/ZjbUshnal/JzIWGTOOQtsZMRyaZW8q/ue1U+xfB5lQSYqg+HxRP5UUYzr9mvaEBo5ybAnjWthbKR8yzTjabBa2oBg9T2wq3nIGq8S/qN5UvcZlpXabx1MkJ+SUnBOPXJEauSd14hNOgLyQV/LmZM678+F8zlsLTj5zTBbgfP0CZGOUWw==</latexit><latexit sha1_base64="uLEZA2+J8LFvzDaYeDsOD4R/IKo=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqaG65YpbdWegq8TLSYXkqHfLP51ezNMIFHLJjGl7boJBxjQKLmFS6qQGEsZHbABtSxWLwATZ7NAJPbNKj/ZjbUshnal/JzIWGTOOQtsZMRyaZW8q/ue1U+xfB5lQSYqg+HxRP5UUYzr9mvaEBo5ybAnjWthbKR8yzTjabBa2oBg9T2wq3nIGq8S/qN5UvcZlpXabx1MkJ+SUnBOPXJEauSd14hNOgLyQV/LmZM678+F8zlsLTj5zTBbgfP0CZGOUWw==</latexit><latexit sha1_base64="uLEZA2+J8LFvzDaYeDsOD4R/IKo=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtulm03YnQg19Bd41R/gSbz6bzz7R9y2OdjWBwOP92aYmRcmUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGoOPo9lrFshMyCFAh8FSmglGlgUSmiGo7up33wCbUSsHnCcQBCxgRJ9wRlaqaG65YpbdWegq8TLSYXkqHfLP51ezNMIFHLJjGl7boJBxjQKLmFS6qQGEsZHbABtSxWLwATZ7NAJPbNKj/ZjbUshnal/JzIWGTOOQtsZMRyaZW8q/ue1U+xfB5lQSYqg+HxRP5UUYzr9mvaEBo5ybAnjWthbKR8yzTjabBa2oBg9T2wq3nIGq8S/qN5UvcZlpXabx1MkJ+SUnBOPXJEauSd14hNOgLyQV/LmZM678+F8zlsLTj5zTBbgfP0CZGOUWw==</latexit>

SBH
<latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit>

M
<latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit><latexit sha1_base64="LWtMx4o09cppb4rWxXLK6Cbhq9s=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIR1F3RjRuhgrHFNpTJdNoOnUzCzI1QQ3d+glv9AFfi1i9x7Y84abOwrQcGDufcyz1zglhwjY7zbRWWlldW14rrpY3Nre2d8u7evY4SRZlHIxGpZkA0E1wyDzkK1owVI2EgWCMYXmV+45EpzSN5h6OY+SHpS97jlKCRHtohwUEQpDfjTrniVJ0J7EXi5qQCOeqd8k+7G9EkZBKpIFq3XCdGPyUKORVsXGonmsWEDkmftQyVJGTaTyeJx/aRUbp2L1LmSbQn6t+NlIRaj8LATGYJ9byXif95rQR7537KZZwgk3R6qJcIGyM7+77d5YpRFCNDCFXcZLXpgChC0ZQ0cwX58ClrxZ3vYJF4J9WLqnt7Wqld5vUU4QAO4RhcOIMaXEMdPKAg4QVe4c16tt6tD+tzOlqw8p19mIH19Qt9uJhW</latexit>

, where is multiplicity 



Summary

• Thermal AdS TEE vanishes at low temperature; 

• BTZ TEE =      , bulk version of ER=EPR;   

• After summing over geometries, moonshine double state 
is an analog of thermal field double (TFD) states of eternal 
AdS black holes, but in bulk, not on boundaries.

SBH
<latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit><latexit sha1_base64="yRBz03m6GWV2txfby9AbU+1bAmc=">AAACBHicbVDLSsNAFJ34rPVVdelmsAiuSiKCuit102VFYwttKJPptB06mcSZG7GGrP0Et/oBrsSt/+HaH3HSZmFbD1w4nHMv53L8SHANtv1tLS2vrK6tFzaKm1vbO7ulvf07HcaKMpeGIlQtn2gmuGQucBCsFSlGAl+wpj+6yvzmA1Oah/IWxhHzAjKQvM8pASN5N92kA+wRklo9Tbulsl2xJ8CLxMlJGeVodEs/nV5I44BJoIJo3XbsCLyEKOBUsLTYiTWLCB2RAWsbKknAtJdMnk7xsVF6uB8qMxLwRP17kZBA63Hgm82AwFDPe5n4n9eOoX/hJVxGMTBJp0H9WGAIcdYA7nHFKIixIYQqbn7FdEgUoWB6mkkBPnrKWnHmO1gk7mnlsuJcn5WrtbyeAjpER+gEOegcVVEdNZCLKLpHL+gVvVnP1rv1YX1OV5es/OYAzcD6+gXwA5my</latexit>



Thank you!


