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I will be talking about things around holography

1/11

ds2 =
L2

z2
�
dz2 � dt2 + d~x2

�

t

~x

z



Aside: another kind of string phenomenology
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N=4 SYM (holography)

1610.02023 lecture notes on “Holography, Hydrodynamization and Heavy-Ion Collisions” 
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Back to the main part of the talk
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How to decode the bulk geometry from           ?⇢hQFT
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Entanglement /                         vs             / - key prop. of quantum-many body sys.
\
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A powerful way to quantify it: entanglement entropy

| "i| #i � | #i| "i
<latexit sha1_base64="c9jUYn4QwppspkjEFpX9WOIo/mM="></latexit><latexit sha1_base64="c9jUYn4QwppspkjEFpX9WOIo/mM="></latexit><latexit sha1_base64="c9jUYn4QwppspkjEFpX9WOIo/mM="></latexit><latexit sha1_base64="c9jUYn4QwppspkjEFpX9WOIo/mM="></latexit>

| "i| #i
<latexit sha1_base64="WVT62qhmitJCmYUo4+mwI4nyChA=">AAACEHicdZBNS8MwGMdTX+d8q3r0Ehyip9JOx9aLDLx4nOBeYCsjzdItLE1LkjpG3Ufw4lfx4kERrx69+W1MtwlO9A+BP7/neZI8fz9mVCrb/jSWlldW19ZzG/nNre2dXXNvvyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3iZ1Zu3REga8Rs1jokXoj6nAcVIadQ1T+5gJ4mRENEIdgTifUagRr1oxBdg1yzYllsplc4q0LZs2y26ZW1c13XKDnQ0yVQAc9W65oe+BCch4QozJGXbsWPlpUgoihmZ5DuJJDHCQ9QnbW05Con00ulCE3isSQ8GkdCHKzilPydSFEo5Dn3dGSI1kL9rGfyr1k5UUPFSyuNEEY5nDwUJgyqCWTqwRwXBio21QVhQ/VeIB0ggrHSGeR3C96bwf9MoWo5tOdfnherFPI4cOARH4BQ4oAyq4ArUQB1gcA8ewTN4MR6MJ+PVeJu1LhnzmQOwIOP9C3VUnX8=</latexit><latexit sha1_base64="WVT62qhmitJCmYUo4+mwI4nyChA=">AAACEHicdZBNS8MwGMdTX+d8q3r0Ehyip9JOx9aLDLx4nOBeYCsjzdItLE1LkjpG3Ufw4lfx4kERrx69+W1MtwlO9A+BP7/neZI8fz9mVCrb/jSWlldW19ZzG/nNre2dXXNvvyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3iZ1Zu3REga8Rs1jokXoj6nAcVIadQ1T+5gJ4mRENEIdgTifUagRr1oxBdg1yzYllsplc4q0LZs2y26ZW1c13XKDnQ0yVQAc9W65oe+BCch4QozJGXbsWPlpUgoihmZ5DuJJDHCQ9QnbW05Con00ulCE3isSQ8GkdCHKzilPydSFEo5Dn3dGSI1kL9rGfyr1k5UUPFSyuNEEY5nDwUJgyqCWTqwRwXBio21QVhQ/VeIB0ggrHSGeR3C96bwf9MoWo5tOdfnherFPI4cOARH4BQ4oAyq4ArUQB1gcA8ewTN4MR6MJ+PVeJu1LhnzmQOwIOP9C3VUnX8=</latexit><latexit sha1_base64="WVT62qhmitJCmYUo4+mwI4nyChA=">AAACEHicdZBNS8MwGMdTX+d8q3r0Ehyip9JOx9aLDLx4nOBeYCsjzdItLE1LkjpG3Ufw4lfx4kERrx69+W1MtwlO9A+BP7/neZI8fz9mVCrb/jSWlldW19ZzG/nNre2dXXNvvyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3iZ1Zu3REga8Rs1jokXoj6nAcVIadQ1T+5gJ4mRENEIdgTifUagRr1oxBdg1yzYllsplc4q0LZs2y26ZW1c13XKDnQ0yVQAc9W65oe+BCch4QozJGXbsWPlpUgoihmZ5DuJJDHCQ9QnbW05Con00ulCE3isSQ8GkdCHKzilPydSFEo5Dn3dGSI1kL9rGfyr1k5UUPFSyuNEEY5nDwUJgyqCWTqwRwXBio21QVhQ/VeIB0ggrHSGeR3C96bwf9MoWo5tOdfnherFPI4cOARH4BQ4oAyq4ArUQB1gcA8ewTN4MR6MJ+PVeJu1LhnzmQOwIOP9C3VUnX8=</latexit><latexit sha1_base64="WVT62qhmitJCmYUo4+mwI4nyChA=">AAACEHicdZBNS8MwGMdTX+d8q3r0Ehyip9JOx9aLDLx4nOBeYCsjzdItLE1LkjpG3Ufw4lfx4kERrx69+W1MtwlO9A+BP7/neZI8fz9mVCrb/jSWlldW19ZzG/nNre2dXXNvvyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3iZ1Zu3REga8Rs1jokXoj6nAcVIadQ1T+5gJ4mRENEIdgTifUagRr1oxBdg1yzYllsplc4q0LZs2y26ZW1c13XKDnQ0yVQAc9W65oe+BCch4QozJGXbsWPlpUgoihmZ5DuJJDHCQ9QnbW05Con00ulCE3isSQ8GkdCHKzilPydSFEo5Dn3dGSI1kL9rGfyr1k5UUPFSyuNEEY5nDwUJgyqCWTqwRwXBio21QVhQ/VeIB0ggrHSGeR3C96bwf9MoWo5tOdfnherFPI4cOARH4BQ4oAyq4ArUQB1gcA8ewTN4MR6MJ+PVeJu1LhnzmQOwIOP9C3VUnX8=</latexit>

In holography:

B

codim-2 bulk
minimal surface

Ryu & Takayanagi hep-th/0603001
t=const
in QFTd 

lattice spacing ✏<latexit sha1_base64="PKUoSS7TXRuloJ6wDDnu/eZ3H24=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLaWt1IwY3LCvYB7VAyaaYNzSRjkhHK0J9w40IRt/6OO//GdDqCih64cDjnXu69J4g50wahD6ewtLyyulZcL21sbm3vlHf32lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Grud+6p0kyKWzONqR/hkWAhI9hYqdunsWZcikG5gtzaGUK1KkQuypCRi/ppHXq5UgE5moPye38oSRJRYQjHWvc8FBs/xcowwums1E80jTGZ4BHtWSpwRLWfZvfO4JFVhjCUypYwMFO/T6Q40noaBbYzwmasf3tz8S+vl5jw3E+ZiBNDBVksChMOjYTz5+GQKUoMn1qCiWL2VkjGWGFibEQlG8LXp/B/0j5xPeR6N9VK4zKPowgOwCE4Bh6ogwa4Bk3QAgRw8ACewLNz5zw6L87rorXg5DP74Aect0+N6ZBK</latexit><latexit sha1_base64="PKUoSS7TXRuloJ6wDDnu/eZ3H24=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLaWt1IwY3LCvYB7VAyaaYNzSRjkhHK0J9w40IRt/6OO//GdDqCih64cDjnXu69J4g50wahD6ewtLyyulZcL21sbm3vlHf32lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Grud+6p0kyKWzONqR/hkWAhI9hYqdunsWZcikG5gtzaGUK1KkQuypCRi/ppHXq5UgE5moPye38oSRJRYQjHWvc8FBs/xcowwums1E80jTGZ4BHtWSpwRLWfZvfO4JFVhjCUypYwMFO/T6Q40noaBbYzwmasf3tz8S+vl5jw3E+ZiBNDBVksChMOjYTz5+GQKUoMn1qCiWL2VkjGWGFibEQlG8LXp/B/0j5xPeR6N9VK4zKPowgOwCE4Bh6ogwa4Bk3QAgRw8ACewLNz5zw6L87rorXg5DP74Aect0+N6ZBK</latexit><latexit sha1_base64="PKUoSS7TXRuloJ6wDDnu/eZ3H24=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLaWt1IwY3LCvYB7VAyaaYNzSRjkhHK0J9w40IRt/6OO//GdDqCih64cDjnXu69J4g50wahD6ewtLyyulZcL21sbm3vlHf32lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Grud+6p0kyKWzONqR/hkWAhI9hYqdunsWZcikG5gtzaGUK1KkQuypCRi/ppHXq5UgE5moPye38oSRJRYQjHWvc8FBs/xcowwums1E80jTGZ4BHtWSpwRLWfZvfO4JFVhjCUypYwMFO/T6Q40noaBbYzwmasf3tz8S+vl5jw3E+ZiBNDBVksChMOjYTz5+GQKUoMn1qCiWL2VkjGWGFibEQlG8LXp/B/0j5xPeR6N9VK4zKPowgOwCE4Bh6ogwa4Bk3QAgRw8ACewLNz5zw6L87rorXg5DP74Aect0+N6ZBK</latexit><latexit sha1_base64="PKUoSS7TXRuloJ6wDDnu/eZ3H24=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLaWt1IwY3LCvYB7VAyaaYNzSRjkhHK0J9w40IRt/6OO//GdDqCih64cDjnXu69J4g50wahD6ewtLyyulZcL21sbm3vlHf32lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5Grud+6p0kyKWzONqR/hkWAhI9hYqdunsWZcikG5gtzaGUK1KkQuypCRi/ppHXq5UgE5moPye38oSRJRYQjHWvc8FBs/xcowwums1E80jTGZ4BHtWSpwRLWfZvfO4JFVhjCUypYwMFO/T6Q40noaBbYzwmasf3tz8S+vl5jw3E+ZiBNDBVksChMOjYTz5+GQKUoMn1qCiWL2VkjGWGFibEQlG8LXp/B/0j5xPeR6N9VK4zKPowgOwCE4Bh6ogwa4Bk3QAgRw8ACewLNz5zw6L87rorXg5DP74Aect0+N6ZBK</latexit>

SB ⇠ area of @B

✏d�2
<latexit sha1_base64="c7a/xhmJ+JAOOmMadnaLDa6I9oc="></latexit><latexit sha1_base64="c7a/xhmJ+JAOOmMadnaLDa6I9oc="></latexit><latexit sha1_base64="c7a/xhmJ+JAOOmMadnaLDa6I9oc="></latexit><latexit sha1_base64="c7a/xhmJ+JAOOmMadnaLDa6I9oc="></latexit>

SB =
bulk area

4GN
<latexit sha1_base64="SCW8zUQKcCOhKnEwaC62OxHbRcw="></latexit><latexit sha1_base64="SCW8zUQKcCOhKnEwaC62OxHbRcw="></latexit><latexit sha1_base64="SCW8zUQKcCOhKnEwaC62OxHbRcw="></latexit><latexit sha1_base64="SCW8zUQKcCOhKnEwaC62OxHbRcw="></latexit>

SB = �tr (⇢B log ⇢B)
<latexit sha1_base64="LtyubiieNjcA18wu0HJ/BsOnfOo=">AAACJ3icbVDLSgMxFM34rPVVdekmWIS6sMyIoBtL0Y3LivYBnWHIpJk2NDMZkjtCGfo3bvwVN4KK6NI/MX0I2nogcHLuuSTnBIngGmz701pYXFpeWc2t5dc3Nre2Czu7DS1TRVmdSiFVKyCaCR6zOnAQrJUoRqJAsGbQvxrNm/dMaS7jOxgkzItIN+YhpwSM5Bcqt352OcQX+Bi7EYGeijJQQ+wKFkIJY1f15NhgFNnNfq7GoHi3B0d+oWiX7THwPHGmpIimqPmFF7cjaRqxGKggWrcdOwEvIwo4FWyYd1PNEkL7pMvahsYkYtrLxjmH+NAoHRxKZU4MeKz+3shIpPUgCoxzlEXPzkbif7N2CuG5l/E4SYHFdPJQmAoMEo9Kwx2uGAUxMIRQxc1fMe0RRSiYavOmBGc28jxpnJQdu+zcnBarlWkdObSPDlAJOegMVdE1qqE6ougBPaFX9GY9Ws/Wu/UxsS5Y05099AfW1zebAqUw</latexit><latexit sha1_base64="LtyubiieNjcA18wu0HJ/BsOnfOo=">AAACJ3icbVDLSgMxFM34rPVVdekmWIS6sMyIoBtL0Y3LivYBnWHIpJk2NDMZkjtCGfo3bvwVN4KK6NI/MX0I2nogcHLuuSTnBIngGmz701pYXFpeWc2t5dc3Nre2Czu7DS1TRVmdSiFVKyCaCR6zOnAQrJUoRqJAsGbQvxrNm/dMaS7jOxgkzItIN+YhpwSM5Bcqt352OcQX+Bi7EYGeijJQQ+wKFkIJY1f15NhgFNnNfq7GoHi3B0d+oWiX7THwPHGmpIimqPmFF7cjaRqxGKggWrcdOwEvIwo4FWyYd1PNEkL7pMvahsYkYtrLxjmH+NAoHRxKZU4MeKz+3shIpPUgCoxzlEXPzkbif7N2CuG5l/E4SYHFdPJQmAoMEo9Kwx2uGAUxMIRQxc1fMe0RRSiYavOmBGc28jxpnJQdu+zcnBarlWkdObSPDlAJOegMVdE1qqE6ougBPaFX9GY9Ws/Wu/UxsS5Y05099AfW1zebAqUw</latexit><latexit sha1_base64="LtyubiieNjcA18wu0HJ/BsOnfOo=">AAACJ3icbVDLSgMxFM34rPVVdekmWIS6sMyIoBtL0Y3LivYBnWHIpJk2NDMZkjtCGfo3bvwVN4KK6NI/MX0I2nogcHLuuSTnBIngGmz701pYXFpeWc2t5dc3Nre2Czu7DS1TRVmdSiFVKyCaCR6zOnAQrJUoRqJAsGbQvxrNm/dMaS7jOxgkzItIN+YhpwSM5Bcqt352OcQX+Bi7EYGeijJQQ+wKFkIJY1f15NhgFNnNfq7GoHi3B0d+oWiX7THwPHGmpIimqPmFF7cjaRqxGKggWrcdOwEvIwo4FWyYd1PNEkL7pMvahsYkYtrLxjmH+NAoHRxKZU4MeKz+3shIpPUgCoxzlEXPzkbif7N2CuG5l/E4SYHFdPJQmAoMEo9Kwx2uGAUxMIRQxc1fMe0RRSiYavOmBGc28jxpnJQdu+zcnBarlWkdObSPDlAJOegMVdE1qqE6ougBPaFX9GY9Ws/Wu/UxsS5Y05099AfW1zebAqUw</latexit><latexit sha1_base64="LtyubiieNjcA18wu0HJ/BsOnfOo=">AAACJ3icbVDLSgMxFM34rPVVdekmWIS6sMyIoBtL0Y3LivYBnWHIpJk2NDMZkjtCGfo3bvwVN4KK6NI/MX0I2nogcHLuuSTnBIngGmz701pYXFpeWc2t5dc3Nre2Czu7DS1TRVmdSiFVKyCaCR6zOnAQrJUoRqJAsGbQvxrNm/dMaS7jOxgkzItIN+YhpwSM5Bcqt352OcQX+Bi7EYGeijJQQ+wKFkIJY1f15NhgFNnNfq7GoHi3B0d+oWiX7THwPHGmpIimqPmFF7cjaRqxGKggWrcdOwEvIwo4FWyYd1PNEkL7pMvahsYkYtrLxjmH+NAoHRxKZU4MeKz+3shIpPUgCoxzlEXPzkbif7N2CuG5l/E4SYHFdPJQmAoMEo9Kwx2uGAUxMIRQxc1fMe0RRSiYavOmBGc28jxpnJQdu+zcnBarlWkdObSPDlAJOegMVdE1qqE6ougBPaFX9GY9Ws/Wu/UxsS5Y05099AfW1zebAqUw</latexit>

B
<latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit><latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit><latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit><latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit>

B
<latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit><latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit><latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit><latexit sha1_base64="S1NkyQ7Z0IfkQfQ3Mi7INLSpTRo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkCuMuA==</latexit>

B̄
<latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit><latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit><latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit><latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit>

B̄
<latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit><latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit><latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit><latexit sha1_base64="aFJf8v9xtCobUyhfzWNBbzxg6/Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpx9Snd/OBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872a/1CvNupFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A020j30=</latexit>



“Entanglement is not enough”

5/11

In the eternal AdS-Schwarzschild black hole Penrose diagram there are regions
in the interior not penetrated by any Ryu-Takayanagi surface!

z = 0

z = 1

z = 1

There are, however, other geometric probes of these regions

Susskind et al. 2014-2018

AdSd+2                               /                     CFTd+1:

z = 0

Figure adapted from 1509.07876

|TFDi ⇠
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e��E/2e�i E (tL+tR)|EiL|EiR
<latexit sha1_base64="Wl5zCqkOccKku+ol1YtK5PupggE="></latexit><latexit sha1_base64="Wl5zCqkOccKku+ol1YtK5PupggE="></latexit><latexit sha1_base64="Wl5zCqkOccKku+ol1YtK5PupggE="></latexit><latexit sha1_base64="Wl5zCqkOccKku+ol1YtK5PupggE="></latexit>



What are we interested in reproducing?
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    ~ Volume of codim-1
max volume bulk slice

    ~ Action in codim-0
bulk region with null bdries

CV
<latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit><latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit><latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit><latexit sha1_base64="yltBqzk/Dm3W+BwptubuWE/TSDM=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZppc1GCt24rGAf0IQymU7aoZNJmJkIJfQ33LhQxK0/486/cfoQVPTAhcM593LvPWHKmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOG0t/N49lYol4k7PUhrEeCxYxAjWRvJzn2AOW/Nh3p0PyxVkex5CrgeRXatXPadhCKq6V24DOjZaogLWaA/L7/4oIVlMhSYcKzVwUKqDHEvNCKfzkp8pmmIyxWM6MFTgmKogX948hxdGGcEokaaEhkv1+0SOY6VmcWg6Y6wn6re3EP/yBpmOGkHORJppKshqUZRxqBO4CACOmKRE85khmEhmboVkgiUm2sRUMiF8fQr/J13XdpDt3NYqzet1HEVwBs7BJXBAHTTBDWiDDiAgBQ/gCTxbmfVovVivq9aCtZ45BT9gvX0CRHiR0w==</latexit>

CA
<latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit><latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit><latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit><latexit sha1_base64="2nZ/9qZvC+D5JDkKqrCV8Mn5jHk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZiNNlIpRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J8o4UxqhD6u0srq2vlHerGxt7+zuVfcP2irNJaEtkvJUdiOsKGeCtjTTnHYzSXEScdqJxo2Z37mnUrFU3OlJRsMEDwWLGcHaSEEREMxhY9ovrqf9ag3ZF66HfASR7freueMa4vue77vQsdEcNbBEs199DwYpyRMqNOFYqZ6DMh0WWGpGOJ1WglzRDJMxHtKeoQInVIXF/OYpPDHKAMapNCU0nKvfJwqcKDVJItOZYD1Sv72Z+JfXy3XshQUTWa6pIItFcc6hTuEsADhgkhLNJ4ZgIpm5FZIRlphoE1PFhPD1KfyftM9sB9nO7XmtfrWMowyOwDE4BQ64BHVwA5qgBQjIwAN4As9Wbj1aL9brorVkLWcOwQ9Yb59MOZHa</latexit>

CV [AdSd+1] ⇠
vol occupied by hCFTd

✏d�1
<latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit>

CA[AdSd+1] ⇠
vol occupied by hCFTd

✏d�1
log

✏

↵
<latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit>

CA/V [AdS� Schwd+1]
���
tL+tR=0

<latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit>

�2 CA/V [AdSd+1] ⇠ S�
<latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit>

@tL+tRCA/V [AdS� Schwd+1]
<latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit>

⇠ const
<latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit>

I
II

III

see Myers et al. 2016-2018



stands for complexity? 
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CA/V
<latexit sha1_base64="ZhTIQ7sc8DoNUnN/JTM/dai9UYo=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiu4qSkNMtKN11WsA9oY5lMJ+3QySTMTJQS+h9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sNbWNza3tgs7xd29/YPD0tFxR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvBtJH73TsqFYvFjZ4l1I/wWLCQEayNdJsNCOawMR9mV5ed+bBURjaqOcjzILKrroOqriEI1byKCx1DcpTBCq1h6X0wikkaUaEJx0r1HZRoP8NSM8LpvDhIFU0wmeIx7RsqcESVny2unsNzo4xgGEtTQsOF+n0iw5FSsygwnRHWE/Xby8W/vH6qQ8/PmEhSTQVZLgpTDnUM8wjgiElKNJ8Zgolk5lZIJlhiok1QRRPC16fwf9Kp2A6ynWu3XG+u4iiAU3AGLoADaqAOmqAF2oAACR7AE3i27q1H68V6XbauWauZE/AD1tsnKv6SUA==</latexit><latexit sha1_base64="ZhTIQ7sc8DoNUnN/JTM/dai9UYo=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiu4qSkNMtKN11WsA9oY5lMJ+3QySTMTJQS+h9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sNbWNza3tgs7xd29/YPD0tFxR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvBtJH73TsqFYvFjZ4l1I/wWLCQEayNdJsNCOawMR9mV5ed+bBURjaqOcjzILKrroOqriEI1byKCx1DcpTBCq1h6X0wikkaUaEJx0r1HZRoP8NSM8LpvDhIFU0wmeIx7RsqcESVny2unsNzo4xgGEtTQsOF+n0iw5FSsygwnRHWE/Xby8W/vH6qQ8/PmEhSTQVZLgpTDnUM8wjgiElKNJ8Zgolk5lZIJlhiok1QRRPC16fwf9Kp2A6ynWu3XG+u4iiAU3AGLoADaqAOmqAF2oAACR7AE3i27q1H68V6XbauWauZE/AD1tsnKv6SUA==</latexit><latexit sha1_base64="ZhTIQ7sc8DoNUnN/JTM/dai9UYo=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiu4qSkNMtKN11WsA9oY5lMJ+3QySTMTJQS+h9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sNbWNza3tgs7xd29/YPD0tFxR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvBtJH73TsqFYvFjZ4l1I/wWLCQEayNdJsNCOawMR9mV5ed+bBURjaqOcjzILKrroOqriEI1byKCx1DcpTBCq1h6X0wikkaUaEJx0r1HZRoP8NSM8LpvDhIFU0wmeIx7RsqcESVny2unsNzo4xgGEtTQsOF+n0iw5FSsygwnRHWE/Xby8W/vH6qQ8/PmEhSTQVZLgpTDnUM8wjgiElKNJ8Zgolk5lZIJlhiok1QRRPC16fwf9Kp2A6ynWu3XG+u4iiAU3AGLoADaqAOmqAF2oAACR7AE3i27q1H68V6XbauWauZE/AD1tsnKv6SUA==</latexit><latexit sha1_base64="ZhTIQ7sc8DoNUnN/JTM/dai9UYo=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiu4qSkNMtKN11WsA9oY5lMJ+3QySTMTJQS+h9uXCji1n9x5984aSuo6IELh3Pu5d57goQzpRH6sNbWNza3tgs7xd29/YPD0tFxR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvBtJH73TsqFYvFjZ4l1I/wWLCQEayNdJsNCOawMR9mV5ed+bBURjaqOcjzILKrroOqriEI1byKCx1DcpTBCq1h6X0wikkaUaEJx0r1HZRoP8NSM8LpvDhIFU0wmeIx7RsqcESVny2unsNzo4xgGEtTQsOF+n0iw5FSsygwnRHWE/Xby8W/vH6qQ8/PmEhSTQVZLgpTDnUM8wjgiElKNJ8Zgolk5lZIJlhiok1QRRPC16fwf9Kp2A6ynWu3XG+u4iiAU3AGLoADaqAOmqAF2oAACR7AE3i27q1H68V6XbauWauZE/AD1tsnKv6SUA==</latexit>

Complexity   : min. number of elem. unitary operations      s.t. C |0i ⇡ �U . . . �U | " . . . "i�U

1) What can be a simple 
reference state in continuum?

2) What can now act as a set of 
elementary unitary operations (gates)?

3) How to make sense now
of the approximation?

5) We want an approach that is computable       Gaussian States and free QFTsd+1    

4) How to count gates
and deal with UV divergences?

# ⌘ C

< 2017:  entanglement entropy in a QFT                vs.  complexity in a QFT

|T i
<latexit sha1_base64="Qlea/0Uz9cxKeODlpAAvOxcdyTo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48V+gVpKJvtpF262YTdjVBif4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7j6g0T2TTTFIMYjqUPOKMGiv5T6RJeorKocB+perW3DnIKvEKUoUCjX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zEQ3Qc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukfVnz3Jr3cFWt3xZxlOAUzuACPLiGOtxDA1rAIIFneIU3xzgvzrvzsWhdc4qZE/gD5/MHmcaQyQ==</latexit><latexit sha1_base64="Qlea/0Uz9cxKeODlpAAvOxcdyTo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48V+gVpKJvtpF262YTdjVBif4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7j6g0T2TTTFIMYjqUPOKMGiv5T6RJeorKocB+perW3DnIKvEKUoUCjX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zEQ3Qc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukfVnz3Jr3cFWt3xZxlOAUzuACPLiGOtxDA1rAIIFneIU3xzgvzrvzsWhdc4qZE/gD5/MHmcaQyQ==</latexit><latexit sha1_base64="Qlea/0Uz9cxKeODlpAAvOxcdyTo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48V+gVpKJvtpF262YTdjVBif4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7j6g0T2TTTFIMYjqUPOKMGiv5T6RJeorKocB+perW3DnIKvEKUoUCjX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zEQ3Qc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukfVnz3Jr3cFWt3xZxlOAUzuACPLiGOtxDA1rAIIFneIU3xzgvzrvzsWhdc4qZE/gD5/MHmcaQyQ==</latexit><latexit sha1_base64="Qlea/0Uz9cxKeODlpAAvOxcdyTo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48V+gVpKJvtpF262YTdjVBif4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7j6g0T2TTTFIMYjqUPOKMGiv5T6RJeorKocB+perW3DnIKvEKUoUCjX7lqzdIWBajNExQrX3PTU2QU2U4Ezgt9zKNKWVjOkTfUklj1EE+P3lKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//P8zEQ3Qc5lmhmUbLEoygQxCZn9TwZcITNiYgllittbCRtRRZmxKZVtCN7yy6ukfVnz3Jr3cFWt3xZxlOAUzuACPLiGOtxDA1rAIIFneIU3xzgvzrvzsWhdc4qZE/gD5/MHmcaQyQ==</latexit>



I. Vacuum
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Holography = strong coupling QFTs. We do free QFTs. Universality to the rescue?

Now target / reference state is GS of 

We put the theory on the lattice to UV regulate it

�1, ⇡1
<latexit sha1_base64="zaOi1Op1QoXVjgRYFK14TvD5Nks=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuJCSSEGXBTcuK9gLNCFMppN26GQSZiZCDcVXceNCEbe+hzvfxmmahbYeZuDj/89hzvxhypnSjvNtrayurW9sVraq2zu7e/v2wWFHJZkktE0SnsheiBXlTNC2ZprTXiopjkNOu+H4ZuZ3H6hULBH3epJSP8ZDwSJGsDZSYB976YgFuTu9QJ45acGBXXPqTlFoGdwSalBWK7C/vEFCspgKTThWqu86qfZzLDUjnE6rXqZoiskYD2nfoMAxVX5ebD9FZ0YZoCiR5gqNCvX3RI5jpSZxaDpjrEdq0ZuJ/3n9TEfXfs5EmmkqyPyhKONIJ2gWBRowSYnmEwOYSGZ2RWSEJSbaBFY1IbiLX16GzmXdderuXaPWbJRxVOAETuEcXLiCJtxCC9pA4BGe4RXerCfrxXq3PuatK1Y5cwR/yvr8AQGPlDs=</latexit><latexit sha1_base64="zaOi1Op1QoXVjgRYFK14TvD5Nks=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuJCSSEGXBTcuK9gLNCFMppN26GQSZiZCDcVXceNCEbe+hzvfxmmahbYeZuDj/89hzvxhypnSjvNtrayurW9sVraq2zu7e/v2wWFHJZkktE0SnsheiBXlTNC2ZprTXiopjkNOu+H4ZuZ3H6hULBH3epJSP8ZDwSJGsDZSYB976YgFuTu9QJ45acGBXXPqTlFoGdwSalBWK7C/vEFCspgKTThWqu86qfZzLDUjnE6rXqZoiskYD2nfoMAxVX5ebD9FZ0YZoCiR5gqNCvX3RI5jpSZxaDpjrEdq0ZuJ/3n9TEfXfs5EmmkqyPyhKONIJ2gWBRowSYnmEwOYSGZ2RWSEJSbaBFY1IbiLX16GzmXdderuXaPWbJRxVOAETuEcXLiCJtxCC9pA4BGe4RXerCfrxXq3PuatK1Y5cwR/yvr8AQGPlDs=</latexit><latexit sha1_base64="zaOi1Op1QoXVjgRYFK14TvD5Nks=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuJCSSEGXBTcuK9gLNCFMppN26GQSZiZCDcVXceNCEbe+hzvfxmmahbYeZuDj/89hzvxhypnSjvNtrayurW9sVraq2zu7e/v2wWFHJZkktE0SnsheiBXlTNC2ZprTXiopjkNOu+H4ZuZ3H6hULBH3epJSP8ZDwSJGsDZSYB976YgFuTu9QJ45acGBXXPqTlFoGdwSalBWK7C/vEFCspgKTThWqu86qfZzLDUjnE6rXqZoiskYD2nfoMAxVX5ebD9FZ0YZoCiR5gqNCvX3RI5jpSZxaDpjrEdq0ZuJ/3n9TEfXfs5EmmkqyPyhKONIJ2gWBRowSYnmEwOYSGZ2RWSEJSbaBFY1IbiLX16GzmXdderuXaPWbJRxVOAETuEcXLiCJtxCC9pA4BGe4RXerCfrxXq3PuatK1Y5cwR/yvr8AQGPlDs=</latexit><latexit sha1_base64="zaOi1Op1QoXVjgRYFK14TvD5Nks=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuJCSSEGXBTcuK9gLNCFMppN26GQSZiZCDcVXceNCEbe+hzvfxmmahbYeZuDj/89hzvxhypnSjvNtrayurW9sVraq2zu7e/v2wWFHJZkktE0SnsheiBXlTNC2ZprTXiopjkNOu+H4ZuZ3H6hULBH3epJSP8ZDwSJGsDZSYB976YgFuTu9QJ45acGBXXPqTlFoGdwSalBWK7C/vEFCspgKTThWqu86qfZzLDUjnE6rXqZoiskYD2nfoMAxVX5ebD9FZ0YZoCiR5gqNCvX3RI5jpSZxaDpjrEdq0ZuJ/3n9TEfXfs5EmmkqyPyhKONIJ2gWBRowSYnmEwOYSGZ2RWSEJSbaBFY1IbiLX16GzmXdderuXaPWbJRxVOAETuEcXLiCJtxCC9pA4BGe4RXerCfrxXq3PuatK1Y5cwR/yvr8AQGPlDs=</latexit>

�2, ⇡2
<latexit sha1_base64="qnd+MAlvhY5Yqa0u3OpGbN1twJA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWUpBR0WXDjsoK9QBPCZDpth06SYWYi1FB8FTcuFHHre7jzbZymWWjrYQY+/v8c5swfCs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdlaSS0DZJeCJ7IVaUs5i2NdOc9oSkOAo57YaTm7nffaBSsSS+11NB/QiPYjZkBGsjBfaJJ8YsyOqzS+SZI3IO7KpTc/JCq+AWUIWiWoH95Q0SkkY01oRjpfquI7SfYakZ4XRW8VJFBSYTPKJ9gzGOqPKzfPsZOjfKAA0TaW6sUa7+nshwpNQ0Ck1nhPVYLXtz8T+vn+rhtZ+xWKSaxmTx0DDlSCdoHgUaMEmJ5lMDmEhmdkVkjCUm2gRWMSG4y19ehU695jo1965RbTaKOMpwCmdwAS5cQRNuoQVtIPAIz/AKb9aT9WK9Wx+L1pJVzBzDn7I+fwAEpZQ9</latexit><latexit sha1_base64="qnd+MAlvhY5Yqa0u3OpGbN1twJA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWUpBR0WXDjsoK9QBPCZDpth06SYWYi1FB8FTcuFHHre7jzbZymWWjrYQY+/v8c5swfCs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdlaSS0DZJeCJ7IVaUs5i2NdOc9oSkOAo57YaTm7nffaBSsSS+11NB/QiPYjZkBGsjBfaJJ8YsyOqzS+SZI3IO7KpTc/JCq+AWUIWiWoH95Q0SkkY01oRjpfquI7SfYakZ4XRW8VJFBSYTPKJ9gzGOqPKzfPsZOjfKAA0TaW6sUa7+nshwpNQ0Ck1nhPVYLXtz8T+vn+rhtZ+xWKSaxmTx0DDlSCdoHgUaMEmJ5lMDmEhmdkVkjCUm2gRWMSG4y19ehU695jo1965RbTaKOMpwCmdwAS5cQRNuoQVtIPAIz/AKb9aT9WK9Wx+L1pJVzBzDn7I+fwAEpZQ9</latexit><latexit sha1_base64="qnd+MAlvhY5Yqa0u3OpGbN1twJA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWUpBR0WXDjsoK9QBPCZDpth06SYWYi1FB8FTcuFHHre7jzbZymWWjrYQY+/v8c5swfCs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdlaSS0DZJeCJ7IVaUs5i2NdOc9oSkOAo57YaTm7nffaBSsSS+11NB/QiPYjZkBGsjBfaJJ8YsyOqzS+SZI3IO7KpTc/JCq+AWUIWiWoH95Q0SkkY01oRjpfquI7SfYakZ4XRW8VJFBSYTPKJ9gzGOqPKzfPsZOjfKAA0TaW6sUa7+nshwpNQ0Ck1nhPVYLXtz8T+vn+rhtZ+xWKSaxmTx0DDlSCdoHgUaMEmJ5lMDmEhmdkVkjCUm2gRWMSG4y19ehU695jo1965RbTaKOMpwCmdwAS5cQRNuoQVtIPAIz/AKb9aT9WK9Wx+L1pJVzBzDn7I+fwAEpZQ9</latexit><latexit sha1_base64="qnd+MAlvhY5Yqa0u3OpGbN1twJA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWUpBR0WXDjsoK9QBPCZDpth06SYWYi1FB8FTcuFHHre7jzbZymWWjrYQY+/v8c5swfCs6Udpxvq7S2vrG5Vd6u7Ozu7R/Yh0cdlaSS0DZJeCJ7IVaUs5i2NdOc9oSkOAo57YaTm7nffaBSsSS+11NB/QiPYjZkBGsjBfaJJ8YsyOqzS+SZI3IO7KpTc/JCq+AWUIWiWoH95Q0SkkY01oRjpfquI7SfYakZ4XRW8VJFBSYTPKJ9gzGOqPKzfPsZOjfKAA0TaW6sUa7+nshwpNQ0Ck1nhPVYLXtz8T+vn+rhtZ+xWKSaxmTx0DDlSCdoHgUaMEmJ5lMDmEhmdkVkjCUm2gRWMSG4y19ehU695jo1965RbTaKOMpwCmdwAS5cQRNuoQVtIPAIz/AKb9aT9WK9Wx+L1pJVzBzDn7I+fwAEpZQ9</latexit>

�N , ⇡N
<latexit sha1_base64="p6CYeL23jYYrvYvfArJlLWjbPRA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWURAq6LLhxJRXsBZoQJtNpO3QyCTMToYbiq7hxoYhb38Odb+M0zUJbDzPw8f/nMGf+MOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2JFORO0pZnmtJtIiqOQ0044vp75nQcqFYvFvZ4k1I/wULABI1gbKbCPvGTEgux2eo48c5KcA7vq1Jy80DK4BVShqGZgf3n9mKQRFZpwrFTPdRLtZ1hqRjidVrxU0QSTMR7SnkGBI6r8LN9+ik6N0keDWJorNMrV3xMZjpSaRKHpjLAeqUVvJv7n9VI9uPIzJpJUU0HmDw1SjnSMZlGgPpOUaD4xgIlkZldERlhiok1gFROCu/jlZWhf1Fyn5t7Vq416EUcZjuEEzsCFS2jADTShBQQe4Rle4c16sl6sd+tj3lqyiplD+FPW5w9bDZR1</latexit><latexit sha1_base64="p6CYeL23jYYrvYvfArJlLWjbPRA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWURAq6LLhxJRXsBZoQJtNpO3QyCTMToYbiq7hxoYhb38Odb+M0zUJbDzPw8f/nMGf+MOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2JFORO0pZnmtJtIiqOQ0044vp75nQcqFYvFvZ4k1I/wULABI1gbKbCPvGTEgux2eo48c5KcA7vq1Jy80DK4BVShqGZgf3n9mKQRFZpwrFTPdRLtZ1hqRjidVrxU0QSTMR7SnkGBI6r8LN9+ik6N0keDWJorNMrV3xMZjpSaRKHpjLAeqUVvJv7n9VI9uPIzJpJUU0HmDw1SjnSMZlGgPpOUaD4xgIlkZldERlhiok1gFROCu/jlZWhf1Fyn5t7Vq416EUcZjuEEzsCFS2jADTShBQQe4Rle4c16sl6sd+tj3lqyiplD+FPW5w9bDZR1</latexit><latexit sha1_base64="p6CYeL23jYYrvYvfArJlLWjbPRA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWURAq6LLhxJRXsBZoQJtNpO3QyCTMToYbiq7hxoYhb38Odb+M0zUJbDzPw8f/nMGf+MOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2JFORO0pZnmtJtIiqOQ0044vp75nQcqFYvFvZ4k1I/wULABI1gbKbCPvGTEgux2eo48c5KcA7vq1Jy80DK4BVShqGZgf3n9mKQRFZpwrFTPdRLtZ1hqRjidVrxU0QSTMR7SnkGBI6r8LN9+ik6N0keDWJorNMrV3xMZjpSaRKHpjLAeqUVvJv7n9VI9uPIzJpJUU0HmDw1SjnSMZlGgPpOUaD4xgIlkZldERlhiok1gFROCu/jlZWhf1Fyn5t7Vq416EUcZjuEEzsCFS2jADTShBQQe4Rle4c16sl6sd+tj3lqyiplD+FPW5w9bDZR1</latexit><latexit sha1_base64="p6CYeL23jYYrvYvfArJlLWjbPRA=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWURAq6LLhxJRXsBZoQJtNpO3QyCTMToYbiq7hxoYhb38Odb+M0zUJbDzPw8f/nMGf+MOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2JFORO0pZnmtJtIiqOQ0044vp75nQcqFYvFvZ4k1I/wULABI1gbKbCPvGTEgux2eo48c5KcA7vq1Jy80DK4BVShqGZgf3n9mKQRFZpwrFTPdRLtZ1hqRjidVrxU0QSTMR7SnkGBI6r8LN9+ik6N0keDWJorNMrV3xMZjpSaRKHpjLAeqUVvJv7n9VI9uPIzJpJUU0HmDw1SjnSMZlGgPpOUaD4xgIlkZldERlhiok1gFROCu/jlZWhf1Fyn5t7Vq416EUcZjuEEzsCFS2jADTShBQQe4Rle4c16sl6sd+tj3lqyiplD+FPW5w9bDZR1</latexit>

. . .
<latexit sha1_base64="9yCqNgZwtVrl+xdxMNIE919X1/M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZyBDhWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8At+mPKg==</latexit><latexit sha1_base64="9yCqNgZwtVrl+xdxMNIE919X1/M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZyBDhWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8At+mPKg==</latexit><latexit sha1_base64="9yCqNgZwtVrl+xdxMNIE919X1/M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZyBDhWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8At+mPKg==</latexit><latexit sha1_base64="9yCqNgZwtVrl+xdxMNIE919X1/M=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpxttMSaV7ATVcioS3UaDkvVRzGgeSd4PJ7dzvPnFthEoecJpyP6ajRESCUbRSZyBDhWZYrbl1dwGyTryC1KBAa1j9GoSKZTFPkElqTN9zU/RzqlEwyWeVQWZ4StmEjnjf0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFMdm1ZuL/3n9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwsZUU4Y2oIoNwVt9eZ10ruqeW/fuG7Vmo4ijDGdwDpfgwTU04Q5a0AYGj/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8At+mPKg==</latexit>

Gates:                        etc                              group.�U = ei�1⇡3 �s
<latexit sha1_base64="/dmHOHzdaIamiHTrY2ip9zpoxO0=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwoSVRQTdKwY3LCqYtNDFMJrft0MmDmYlQQr/Cjb/ixoUibsWdf+O0zUJbLwz3cM653LknSDmTyrK+jdLC4tLySnm1sra+sbllbu80ZZIJCg5NeCLaAZHAWQyOYopDOxVAooBDKxhcj/XWAwjJkvhODVPwItKLWZdRojTlm8duCFwR7OBLDPc5w27aZ35ujzTQ/VT3I1x45Mg3q1bNmhSeB3YBqqiohm9+uWFCswhiRTmRsmNbqfJyIhSjHEYVN5OQEjogPehoGJMIpJdPzhrhA82EuJsI/WKFJ+zviZxEUg6jQDsjovpyVhuT/2mdTHUvvJzFaaYgptNF3YxjleBxRjhkAqjiQw0IFUz/FdM+EYQqnWRFh2DPnjwPmic126rZt2fV+lURRxntoX10iGx0juroBjWQgyh6RM/oFb0ZT8aL8W58TK0lo5jZRX/K+PwBqJidyg==</latexit><latexit sha1_base64="/dmHOHzdaIamiHTrY2ip9zpoxO0=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwoSVRQTdKwY3LCqYtNDFMJrft0MmDmYlQQr/Cjb/ixoUibsWdf+O0zUJbLwz3cM653LknSDmTyrK+jdLC4tLySnm1sra+sbllbu80ZZIJCg5NeCLaAZHAWQyOYopDOxVAooBDKxhcj/XWAwjJkvhODVPwItKLWZdRojTlm8duCFwR7OBLDPc5w27aZ35ujzTQ/VT3I1x45Mg3q1bNmhSeB3YBqqiohm9+uWFCswhiRTmRsmNbqfJyIhSjHEYVN5OQEjogPehoGJMIpJdPzhrhA82EuJsI/WKFJ+zviZxEUg6jQDsjovpyVhuT/2mdTHUvvJzFaaYgptNF3YxjleBxRjhkAqjiQw0IFUz/FdM+EYQqnWRFh2DPnjwPmic126rZt2fV+lURRxntoX10iGx0juroBjWQgyh6RM/oFb0ZT8aL8W58TK0lo5jZRX/K+PwBqJidyg==</latexit><latexit sha1_base64="/dmHOHzdaIamiHTrY2ip9zpoxO0=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwoSVRQTdKwY3LCqYtNDFMJrft0MmDmYlQQr/Cjb/ixoUibsWdf+O0zUJbLwz3cM653LknSDmTyrK+jdLC4tLySnm1sra+sbllbu80ZZIJCg5NeCLaAZHAWQyOYopDOxVAooBDKxhcj/XWAwjJkvhODVPwItKLWZdRojTlm8duCFwR7OBLDPc5w27aZ35ujzTQ/VT3I1x45Mg3q1bNmhSeB3YBqqiohm9+uWFCswhiRTmRsmNbqfJyIhSjHEYVN5OQEjogPehoGJMIpJdPzhrhA82EuJsI/WKFJ+zviZxEUg6jQDsjovpyVhuT/2mdTHUvvJzFaaYgptNF3YxjleBxRjhkAqjiQw0IFUz/FdM+EYQqnWRFh2DPnjwPmic126rZt2fV+lURRxntoX10iGx0juroBjWQgyh6RM/oFb0ZT8aL8W58TK0lo5jZRX/K+PwBqJidyg==</latexit><latexit sha1_base64="/dmHOHzdaIamiHTrY2ip9zpoxO0=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwoSVRQTdKwY3LCqYtNDFMJrft0MmDmYlQQr/Cjb/ixoUibsWdf+O0zUJbLwz3cM653LknSDmTyrK+jdLC4tLySnm1sra+sbllbu80ZZIJCg5NeCLaAZHAWQyOYopDOxVAooBDKxhcj/XWAwjJkvhODVPwItKLWZdRojTlm8duCFwR7OBLDPc5w27aZ35ujzTQ/VT3I1x45Mg3q1bNmhSeB3YBqqiohm9+uWFCswhiRTmRsmNbqfJyIhSjHEYVN5OQEjogPehoGJMIpJdPzhrhA82EuJsI/WKFJ+zviZxEUg6jQDsjovpyVhuT/2mdTHUvvJzFaaYgptNF3YxjleBxRjhkAqjiQw0IFUz/FdM+EYQqnWRFh2DPnjwPmic126rZt2fV+lURRxntoX10iGx0juroBjWQgyh6RM/oFb0ZT8aL8W58TK0lo5jZRX/K+PwBqJidyg==</latexit>

SP(2N,R)
<latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit><latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit><latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit><latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit>

To calculate complexity, we will define a metric on*                and calculate geodesicsSP(2N,R)
<latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit><latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit><latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit><latexit sha1_base64="IPtlBS11Pxdy7rYBxC/SCrJeqkc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpSZIuhKCm5cSX30Ae1QMmmmDU0yQ5IRyjDgxl9x40IRt/6EO//GzLQLrR4InJxzL/fe40eMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn744vMb98TqWgo7vQkIh5HQ0EDipE2Ut/e63GkR5Int420Urs6zr++n9ykR3277FSdHPAvcWekDGZo9O3P3iDEMSdCY4aU6rpOpL0ESU0xI2mpFysSITxGQ9I1VCBOlJfkN6Tw0CgDGITSPKFhrv7sSBBXasJ9U5mtqOa9TPzP68Y6OPMSKqJYE4Gng4KYQR3CLBA4oJJgzSaGICyp2RXiEZIIaxNbyYTgzp/8l7RqVdeputcn5fr5LI4i2AcHoAJccArq4BI0QBNg8ACewAt4tR6tZ+vNep+WFqxZzy74BevjGz/tlzw=</latexit>
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<latexit sha1_base64="FRb2M8ePUV9p3zYijZDqZZlSRuk="></latexit><latexit sha1_base64="FRb2M8ePUV9p3zYijZDqZZlSRuk="></latexit><latexit sha1_base64="FRb2M8ePUV9p3zYijZDqZZlSRuk="></latexit><latexit sha1_base64="FRb2M8ePUV9p3zYijZDqZZlSRuk="></latexit>

Many choices, but soluble ones cont.
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◆2

<latexit sha1_base64="ilqm6tuYmrDBddu/+VesnpLqhXY="></latexit><latexit sha1_base64="ilqm6tuYmrDBddu/+VesnpLqhXY="></latexit><latexit sha1_base64="ilqm6tuYmrDBddu/+VesnpLqhXY="></latexit><latexit sha1_base64="ilqm6tuYmrDBddu/+VesnpLqhXY="></latexit>

What compares        with         isCV/A
<latexit sha1_base64="9Np2y+rHOiVry81AQwTL0NNiI4M=">AAAB9XicbVA9SwNBEJ2NXzF+RS1tFoNgFe9E0MIiksYygvmA5Ax7m71kyd7esbunhOP+h42FIrb+Fzv/jZvkCk18MPB4b4aZeX4suDaO840KK6tr6xvFzdLW9s7uXnn/oKWjRFHWpJGIVMcnmgkuWdNwI1gnVoyEvmBtf1yf+u1HpjSP5L2ZxMwLyVDygFNirPSQ9igRuJ7109bZTdYvV5yqMwNeJm5OKpCj0S9/9QYRTUImDRVE667rxMZLiTKcCpaVeolmMaFjMmRdSyUJmfbS2dUZPrHKAAeRsiUNnqm/J1ISaj0JfdsZEjPSi95U/M/rJia48lIu48QwSeeLgkRgE+FpBHjAFaNGTCwhVHF7K6Yjogg1NqiSDcFdfHmZtM6rrlN17y4qtes8jiIcwTGcgguXUINbaEATKCh4hld4Q0/oBb2jj3lrAeUzh/AH6PMHyuOSBA==</latexit><latexit sha1_base64="9Np2y+rHOiVry81AQwTL0NNiI4M=">AAAB9XicbVA9SwNBEJ2NXzF+RS1tFoNgFe9E0MIiksYygvmA5Ax7m71kyd7esbunhOP+h42FIrb+Fzv/jZvkCk18MPB4b4aZeX4suDaO840KK6tr6xvFzdLW9s7uXnn/oKWjRFHWpJGIVMcnmgkuWdNwI1gnVoyEvmBtf1yf+u1HpjSP5L2ZxMwLyVDygFNirPSQ9igRuJ7109bZTdYvV5yqMwNeJm5OKpCj0S9/9QYRTUImDRVE667rxMZLiTKcCpaVeolmMaFjMmRdSyUJmfbS2dUZPrHKAAeRsiUNnqm/J1ISaj0JfdsZEjPSi95U/M/rJia48lIu48QwSeeLgkRgE+FpBHjAFaNGTCwhVHF7K6Yjogg1NqiSDcFdfHmZtM6rrlN17y4qtes8jiIcwTGcgguXUINbaEATKCh4hld4Q0/oBb2jj3lrAeUzh/AH6PMHyuOSBA==</latexit><latexit sha1_base64="9Np2y+rHOiVry81AQwTL0NNiI4M=">AAAB9XicbVA9SwNBEJ2NXzF+RS1tFoNgFe9E0MIiksYygvmA5Ax7m71kyd7esbunhOP+h42FIrb+Fzv/jZvkCk18MPB4b4aZeX4suDaO840KK6tr6xvFzdLW9s7uXnn/oKWjRFHWpJGIVMcnmgkuWdNwI1gnVoyEvmBtf1yf+u1HpjSP5L2ZxMwLyVDygFNirPSQ9igRuJ7109bZTdYvV5yqMwNeJm5OKpCj0S9/9QYRTUImDRVE667rxMZLiTKcCpaVeolmMaFjMmRdSyUJmfbS2dUZPrHKAAeRsiUNnqm/J1ISaj0JfdsZEjPSi95U/M/rJia48lIu48QwSeeLgkRgE+FpBHjAFaNGTCwhVHF7K6Yjogg1NqiSDcFdfHmZtM6rrlN17y4qtes8jiIcwTGcgguXUINbaEATKCh4hld4Q0/oBb2jj3lrAeUzh/AH6PMHyuOSBA==</latexit><latexit sha1_base64="9Np2y+rHOiVry81AQwTL0NNiI4M=">AAAB9XicbVA9SwNBEJ2NXzF+RS1tFoNgFe9E0MIiksYygvmA5Ax7m71kyd7esbunhOP+h42FIrb+Fzv/jZvkCk18MPB4b4aZeX4suDaO840KK6tr6xvFzdLW9s7uXnn/oKWjRFHWpJGIVMcnmgkuWdNwI1gnVoyEvmBtf1yf+u1HpjSP5L2ZxMwLyVDygFNirPSQ9igRuJ7109bZTdYvV5yqMwNeJm5OKpCj0S9/9QYRTUImDRVE667rxMZLiTKcCpaVeolmMaFjMmRdSyUJmfbS2dUZPrHKAAeRsiUNnqm/J1ISaj0JfdsZEjPSi95U/M/rJia48lIu48QwSeeLgkRgE+FpBHjAFaNGTCwhVHF7K6Yjogg1NqiSDcFdfHmZtM6rrlN17y4qtes8jiIcwTGcgguXUINbaEATKCh4hld4Q0/oBb2jj3lrAeUzh/AH6PMHyuOSBA==</latexit>

C ⇠ vol

Z

|k|⇤
dd�1k

����log
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����
<latexit sha1_base64="AEMO/ZlkL0uLM4I6tW8tNc+z1K4="></latexit><latexit sha1_base64="AEMO/ZlkL0uLM4I6tW8tNc+z1K4="></latexit><latexit sha1_base64="AEMO/ZlkL0uLM4I6tW8tNc+z1K4="></latexit><latexit sha1_base64="AEMO/ZlkL0uLM4I6tW8tNc+z1K4="></latexit>

L1 norm

|Ri
<latexit sha1_base64="az6JqkJ3DVDaNlQsWk8Z2eSg1Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYGMZxXxIcoS9zVyyZHfv2N0TwplfYWOhiK0/x85/4ya5QhMfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD31W4+oNIvlvRknGAgykCxilBgrPTzddRWRA469csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7OCJe2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DDImk9SgpPNFUcpdE7vT790+U0gNH1tCqGL2VpcOiSLU2IxKNgR/8eVl0jyr+l7Vvz2v1K7yOIpwBMdwCj5cQA1uoA4NoCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AOfRkHE=</latexit><latexit sha1_base64="az6JqkJ3DVDaNlQsWk8Z2eSg1Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYGMZxXxIcoS9zVyyZHfv2N0TwplfYWOhiK0/x85/4ya5QhMfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD31W4+oNIvlvRknGAgykCxilBgrPTzddRWRA469csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7OCJe2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DDImk9SgpPNFUcpdE7vT790+U0gNH1tCqGL2VpcOiSLU2IxKNgR/8eVl0jyr+l7Vvz2v1K7yOIpwBMdwCj5cQA1uoA4NoCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AOfRkHE=</latexit><latexit sha1_base64="az6JqkJ3DVDaNlQsWk8Z2eSg1Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYGMZxXxIcoS9zVyyZHfv2N0TwplfYWOhiK0/x85/4ya5QhMfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD31W4+oNIvlvRknGAgykCxilBgrPTzddRWRA469csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7OCJe2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DDImk9SgpPNFUcpdE7vT790+U0gNH1tCqGL2VpcOiSLU2IxKNgR/8eVl0jyr+l7Vvz2v1K7yOIpwBMdwCj5cQA1uoA4NoCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AOfRkHE=</latexit><latexit sha1_base64="az6JqkJ3DVDaNlQsWk8Z2eSg1Vc=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYGMZxXxIcoS9zVyyZHfv2N0TwplfYWOhiK0/x85/4ya5QhMfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD31W4+oNIvlvRknGAgykCxilBgrPTzddRWRA469csWrejO4y8TPSQVy1Hvlr24/pqlAaSgnWnd8LzFBRpRhlOOk1E01JoSOyAA7lkoiUAfZ7OCJe2KVvhvFypY07kz9PZERofVYhLZTEDPUi95U/M/rpCa6DDImk9SgpPNFUcpdE7vT790+U0gNH1tCqGL2VpcOiSLU2IxKNgR/8eVl0jyr+l7Vvz2v1K7yOIpwBMdwCj5cQA1uoA4NoCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AOfRkHE=</latexit>
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<latexit sha1_base64="MDowpzpDycpMym7rFwI49FcdMCM="></latexit><latexit sha1_base64="MDowpzpDycpMym7rFwI49FcdMCM="></latexit><latexit sha1_base64="MDowpzpDycpMym7rFwI49FcdMCM="></latexit><latexit sha1_base64="MDowpzpDycpMym7rFwI49FcdMCM="></latexit>

1707. 08582 with Chapman, Marrochio & Pastawski 
see also 1707.08570 by Jefferson, Myers



II. Formation of TFD

9/11

For the TFD state, we have additional gates such as                      �U = ei�
L
1 �R

3
<latexit sha1_base64="wRFMOILw6cw8/M5d+CiQacoAWrE=">AAACFXicbVC7SgNBFJ31GeNr1dJmMAgWIeyqoI0SsLGwiGIekE3C7OQmGTI7u8zMCmHZn7DxV2wsFLEV7PwbJ8kWmnhg4Nxz7uXOPX7EmdKO820tLC4tr6zm1vLrG5tb2/bObk2FsaRQpSEPZcMnCjgTUNVMc2hEEkjgc6j7w6uxX38AqVgo7vUoglZA+oL1GCXaSB276HWBa4KrFxjaCfOKXjRgncRN28lN6hXxtDwx5V2aduyCU3ImwPPEzUgBZah07C+vG9I4AKEpJ0o1XSfSrYRIzSiHNO/FCiJCh6QPTUMFCUC1kslVKT40Shf3Qmme0Hii/p5ISKDUKPBNZ0D0QM16Y/E/rxnr3nkrYSKKNQg6XdSLOdYhHkeEu0wC1XxkCKGSmb9iOiCSUG2CzJsQ3NmT50ntuOQ6Jff2tFC+zOLIoX10gI6Qi85QGV2jCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gCpPJ6B</latexit><latexit sha1_base64="wRFMOILw6cw8/M5d+CiQacoAWrE=">AAACFXicbVC7SgNBFJ31GeNr1dJmMAgWIeyqoI0SsLGwiGIekE3C7OQmGTI7u8zMCmHZn7DxV2wsFLEV7PwbJ8kWmnhg4Nxz7uXOPX7EmdKO820tLC4tr6zm1vLrG5tb2/bObk2FsaRQpSEPZcMnCjgTUNVMc2hEEkjgc6j7w6uxX38AqVgo7vUoglZA+oL1GCXaSB276HWBa4KrFxjaCfOKXjRgncRN28lN6hXxtDwx5V2aduyCU3ImwPPEzUgBZah07C+vG9I4AKEpJ0o1XSfSrYRIzSiHNO/FCiJCh6QPTUMFCUC1kslVKT40Shf3Qmme0Hii/p5ISKDUKPBNZ0D0QM16Y/E/rxnr3nkrYSKKNQg6XdSLOdYhHkeEu0wC1XxkCKGSmb9iOiCSUG2CzJsQ3NmT50ntuOQ6Jff2tFC+zOLIoX10gI6Qi85QGV2jCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gCpPJ6B</latexit><latexit sha1_base64="wRFMOILw6cw8/M5d+CiQacoAWrE=">AAACFXicbVC7SgNBFJ31GeNr1dJmMAgWIeyqoI0SsLGwiGIekE3C7OQmGTI7u8zMCmHZn7DxV2wsFLEV7PwbJ8kWmnhg4Nxz7uXOPX7EmdKO820tLC4tr6zm1vLrG5tb2/bObk2FsaRQpSEPZcMnCjgTUNVMc2hEEkjgc6j7w6uxX38AqVgo7vUoglZA+oL1GCXaSB276HWBa4KrFxjaCfOKXjRgncRN28lN6hXxtDwx5V2aduyCU3ImwPPEzUgBZah07C+vG9I4AKEpJ0o1XSfSrYRIzSiHNO/FCiJCh6QPTUMFCUC1kslVKT40Shf3Qmme0Hii/p5ISKDUKPBNZ0D0QM16Y/E/rxnr3nkrYSKKNQg6XdSLOdYhHkeEu0wC1XxkCKGSmb9iOiCSUG2CzJsQ3NmT50ntuOQ6Jff2tFC+zOLIoX10gI6Qi85QGV2jCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gCpPJ6B</latexit><latexit sha1_base64="wRFMOILw6cw8/M5d+CiQacoAWrE=">AAACFXicbVC7SgNBFJ31GeNr1dJmMAgWIeyqoI0SsLGwiGIekE3C7OQmGTI7u8zMCmHZn7DxV2wsFLEV7PwbJ8kWmnhg4Nxz7uXOPX7EmdKO820tLC4tr6zm1vLrG5tb2/bObk2FsaRQpSEPZcMnCjgTUNVMc2hEEkjgc6j7w6uxX38AqVgo7vUoglZA+oL1GCXaSB276HWBa4KrFxjaCfOKXjRgncRN28lN6hXxtDwx5V2aduyCU3ImwPPEzUgBZah07C+vG9I4AKEpJ0o1XSfSrYRIzSiHNO/FCiJCh6QPTUMFCUC1kslVKT40Shf3Qmme0Hii/p5ISKDUKPBNZ0D0QM16Y/E/rxnr3nkrYSKKNQg6XdSLOdYhHkeEu0wC1XxkCKGSmb9iOiCSUG2CzJsQ3NmT50ntuOQ6Jff2tFC+zOLIoX10gI6Qi85QGV2jCqoiih7RM3pFb9aT9WK9Wx/T1gUrm9lDf2B9/gCpPJ6B</latexit>

However, there are choices one can make such that

C|TFD(tL+tR=0)i ⇠ vol
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<latexit sha1_base64="k41PKGfldByxhvfoXrmoeVGEy30="></latexit><latexit sha1_base64="k41PKGfldByxhvfoXrmoeVGEy30="></latexit><latexit sha1_base64="k41PKGfldByxhvfoXrmoeVGEy30="></latexit><latexit sha1_base64="k41PKGfldByxhvfoXrmoeVGEy30="></latexit>

C|0i
<latexit sha1_base64="kIDKvqVX/IrHDIBdDpoGKniLJ7c=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argp4kkIvHCOYBybL0TibJkNnZZWZWCGvAX/HiQRGvfoc3/8bJ46CJBQ1FVfdMd0Wp4Np43rezsrq2vrFZ2Cpu7+zu7bsHhw2dZIqyOk1EoloRaia4ZHXDjWCtVDGMI8Ga0bA68ZsPTGmeyHszSlkQY1/yHqdorBS6x3mHoiDVcZg/eh2Fsi/YmIRuySt7U5Bl4s9JCeaohe5Xp5vQLGbSUIFat30vNUGOynBqHyx2Ms1SpEPss7alEmOmg3y6/picWaVLeomyJQ2Zqr8ncoy1HsWR7YzRDPSiNxH/89qZ6V0HOZdpZpiks496mSAmIZMsSJcrRo0YWYJUcbsroQNUSI1NrGhD8BdPXiaNi7Lvlf27y1LlZh5HAU7gFM7BhyuowC3UoA4UcniGV3hznpwX5935mLWuOPOZI/gD5/MHyQ2VWA==</latexit><latexit sha1_base64="kIDKvqVX/IrHDIBdDpoGKniLJ7c=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argp4kkIvHCOYBybL0TibJkNnZZWZWCGvAX/HiQRGvfoc3/8bJ46CJBQ1FVfdMd0Wp4Np43rezsrq2vrFZ2Cpu7+zu7bsHhw2dZIqyOk1EoloRaia4ZHXDjWCtVDGMI8Ga0bA68ZsPTGmeyHszSlkQY1/yHqdorBS6x3mHoiDVcZg/eh2Fsi/YmIRuySt7U5Bl4s9JCeaohe5Xp5vQLGbSUIFat30vNUGOynBqHyx2Ms1SpEPss7alEmOmg3y6/picWaVLeomyJQ2Zqr8ncoy1HsWR7YzRDPSiNxH/89qZ6V0HOZdpZpiks496mSAmIZMsSJcrRo0YWYJUcbsroQNUSI1NrGhD8BdPXiaNi7Lvlf27y1LlZh5HAU7gFM7BhyuowC3UoA4UcniGV3hznpwX5935mLWuOPOZI/gD5/MHyQ2VWA==</latexit><latexit sha1_base64="kIDKvqVX/IrHDIBdDpoGKniLJ7c=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argp4kkIvHCOYBybL0TibJkNnZZWZWCGvAX/HiQRGvfoc3/8bJ46CJBQ1FVfdMd0Wp4Np43rezsrq2vrFZ2Cpu7+zu7bsHhw2dZIqyOk1EoloRaia4ZHXDjWCtVDGMI8Ga0bA68ZsPTGmeyHszSlkQY1/yHqdorBS6x3mHoiDVcZg/eh2Fsi/YmIRuySt7U5Bl4s9JCeaohe5Xp5vQLGbSUIFat30vNUGOynBqHyx2Ms1SpEPss7alEmOmg3y6/picWaVLeomyJQ2Zqr8ncoy1HsWR7YzRDPSiNxH/89qZ6V0HOZdpZpiks496mSAmIZMsSJcrRo0YWYJUcbsroQNUSI1NrGhD8BdPXiaNi7Lvlf27y1LlZh5HAU7gFM7BhyuowC3UoA4UcniGV3hznpwX5935mLWuOPOZI/gD5/MHyQ2VWA==</latexit><latexit sha1_base64="kIDKvqVX/IrHDIBdDpoGKniLJ7c=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argp4kkIvHCOYBybL0TibJkNnZZWZWCGvAX/HiQRGvfoc3/8bJ46CJBQ1FVfdMd0Wp4Np43rezsrq2vrFZ2Cpu7+zu7bsHhw2dZIqyOk1EoloRaia4ZHXDjWCtVDGMI8Ga0bA68ZsPTGmeyHszSlkQY1/yHqdorBS6x3mHoiDVcZg/eh2Fsi/YmIRuySt7U5Bl4s9JCeaohe5Xp5vQLGbSUIFat30vNUGOynBqHyx2Ms1SpEPss7alEmOmg3y6/picWaVLeomyJQ2Zqr8ncoy1HsWR7YzRDPSiNxH/89qZ6V0HOZdpZpiks496mSAmIZMsSJcrRo0YWYJUcbsroQNUSI1NrGhD8BdPXiaNi7Lvlf27y1LlZh5HAU7gFM7BhyuowC3UoA4UcniGV3hznpwX5935mLWuOPOZI/gD5/MHyQ2VWA==</latexit>

S�
<latexit sha1_base64="AjIzn/4vToNel40H3QuytnoBpPY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNpYRTYwkR9jbTJIlu3vH7p4QjvwKGwtFbP05dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTzbDBYhHrVkQNCq6wYbkV2Eo0UhkJfIhG11P/4Qm14bG6t+MEQ0kHivc5o9ZJj3fdrBOhpZNuueJX/RnIMglyUoEc9W75q9OLWSpRWSaoMe3AT2yYUW05EzgpdVKDCWUjOsC2o4pKNGE2O3hCTpzSI/1Yu1KWzNTfExmVxoxl5DoltUOz6E3F/7x2avuXYcZVklpUbL6onwpiYzL9nvS4RmbF2BHKNHe3EjakmjLrMiq5EILFl5dJ86wa+NXg9rxSu8rjKMIRHMMpBHABNbiBOjSAgYRneIU3T3sv3rv3MW8tePnMIfyB9/kD5j6Qcg==</latexit><latexit sha1_base64="AjIzn/4vToNel40H3QuytnoBpPY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNpYRTYwkR9jbTJIlu3vH7p4QjvwKGwtFbP05dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTzbDBYhHrVkQNCq6wYbkV2Eo0UhkJfIhG11P/4Qm14bG6t+MEQ0kHivc5o9ZJj3fdrBOhpZNuueJX/RnIMglyUoEc9W75q9OLWSpRWSaoMe3AT2yYUW05EzgpdVKDCWUjOsC2o4pKNGE2O3hCTpzSI/1Yu1KWzNTfExmVxoxl5DoltUOz6E3F/7x2avuXYcZVklpUbL6onwpiYzL9nvS4RmbF2BHKNHe3EjakmjLrMiq5EILFl5dJ86wa+NXg9rxSu8rjKMIRHMMpBHABNbiBOjSAgYRneIU3T3sv3rv3MW8tePnMIfyB9/kD5j6Qcg==</latexit><latexit sha1_base64="AjIzn/4vToNel40H3QuytnoBpPY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNpYRTYwkR9jbTJIlu3vH7p4QjvwKGwtFbP05dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTzbDBYhHrVkQNCq6wYbkV2Eo0UhkJfIhG11P/4Qm14bG6t+MEQ0kHivc5o9ZJj3fdrBOhpZNuueJX/RnIMglyUoEc9W75q9OLWSpRWSaoMe3AT2yYUW05EzgpdVKDCWUjOsC2o4pKNGE2O3hCTpzSI/1Yu1KWzNTfExmVxoxl5DoltUOz6E3F/7x2avuXYcZVklpUbL6onwpiYzL9nvS4RmbF2BHKNHe3EjakmjLrMiq5EILFl5dJ86wa+NXg9rxSu8rjKMIRHMMpBHABNbiBOjSAgYRneIU3T3sv3rv3MW8tePnMIfyB9/kD5j6Qcg==</latexit><latexit sha1_base64="AjIzn/4vToNel40H3QuytnoBpPY=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNpYRTYwkR9jbTJIlu3vH7p4QjvwKGwtFbP05dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTzbDBYhHrVkQNCq6wYbkV2Eo0UhkJfIhG11P/4Qm14bG6t+MEQ0kHivc5o9ZJj3fdrBOhpZNuueJX/RnIMglyUoEc9W75q9OLWSpRWSaoMe3AT2yYUW05EzgpdVKDCWUjOsC2o4pKNGE2O3hCTpzSI/1Yu1KWzNTfExmVxoxl5DoltUOz6E3F/7x2avuXYcZVklpUbL6onwpiYzL9nvS4RmbF2BHKNHe3EjakmjLrMiq5EILFl5dJ86wa+NXg9rxSu8rjKMIRHMMpBHABNbiBOjSAgYRneIU3T3sv3rv3MW8tePnMIfyB9/kD5j6Qcg==</latexit>

As a result we get sth very similar to

CV [AdSd+1] ⇠
vol occupied by hCFTd

✏d�1
<latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit>

CA[AdSd+1] ⇠
vol occupied by hCFTd

✏d�1
log

✏

↵
<latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit>

I

CA/V [AdS� Schwd+1]
���
tL+tR=0

<latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit>

�2 CA/V [AdSd+1] ⇠ S�
<latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit>

II

1807.xxxxx with Chapman, Eisert, Hackl, Jefferson, Marrochio, Myers & Pastawski



III. Time-dependence of TFD
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Complexity saturates since it is a sum of oscillatory funcs (free QFT!) that dephase

@tL+tRCA/V [AdS� Schwd+1]
<latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit>

⇠ const
<latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit>

III
Not surprisingly, this is in stark contrast with holography:

1807.xxxxx with Chapman, Eisert, Hackl, Jefferson, Marrochio, Myers & Pastawski
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<latexit sha1_base64="CU4gYXXh6tqIYDeTNU4VsKY0Drc="></latexit><latexit sha1_base64="CU4gYXXh6tqIYDeTNU4VsKY0Drc="></latexit><latexit sha1_base64="CU4gYXXh6tqIYDeTNU4VsKY0Drc="></latexit><latexit sha1_base64="CU4gYXXh6tqIYDeTNU4VsKY0Drc="></latexit>



Outlook
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The big picture: what is bulk in the hQFT language? 

Here, focus on bulk volumes / actions and their conjectured relation to complexity

1707. 08582 with Chapman, Marrochio & Pastawski 
see also 1707.08570 by Jefferson, Myers
1807.xxxxx with Chapman, Eisert, Hackl, Jefferson, Marrochio, Myers & Pastawski

Poorly understood        key idea: work in free QFT and count on some universalities

CV [AdSd+1] ⇠
vol occupied by hCFTd

✏d�1
<latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit><latexit sha1_base64="owNshc4yViWtCId86fQ2R6S8jN0="></latexit>

CA[AdSd+1] ⇠
vol occupied by hCFTd

✏d�1
log

✏

↵
<latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit><latexit sha1_base64="pOoI9z1WgaLxra/Z2J3l8R0/a2k="></latexit>

I

CA/V [AdS� Schwd+1]
���
tL+tR=0

<latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit><latexit sha1_base64="xqgl56ya1agB7+nzsltnNqBj0rY="></latexit>

�2 CA/V [AdSd+1] ⇠ S�
<latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit><latexit sha1_base64="x21vq8nsamGCvTgfQc7kpif64H8="></latexit>

II

@tL+tRCA/V [AdS� Schwd+1]
<latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit><latexit sha1_base64="OXrGce1K4h63wwzvCBt5Xvt4MLA="></latexit>

⇠ const
<latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit><latexit sha1_base64="cRrjieVXkNI/v2ZjvoPrx9KDKJw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclRkRdCUFNy4r2Ad0hpJJ0zY0yQzJHWEY6q+4caGIWz/EnX9jpp2Fth4IHM65l3tyokRwA5737aytb2xubVd2qrt7+weH7tFxx8SppqxNYxHrXkQME1yxNnAQrJdoRmQkWDea3hZ+95Fpw2P1AFnCQknGio84JWClgVsLDJc4kAQmWuY0VgZmA7fuNbw58CrxS1JHJVoD9ysYxjSVTAEVxJi+7yUQ5kQDp4LNqkFqWELolIxZ31JFJDNhPg8/w2dWGeJRrO1TgOfq742cSGMyGdnJIqVZ9grxP6+fwug6zLlKUmCKLg6NUoEhxkUTeMg1oyAySwjV3GbFdEI0oWD7qtoS/OUvr5LORcP3Gv79Zb15U9ZRQSfoFJ0jH12hJrpDLdRGFGXoGb2iN+fJeXHenY/F6JpT7tTQHzifP1DClS4=</latexit>

III

Beautiful parallel with thermodynamics vs. ⌘/s
<latexit sha1_base64="jus7VvFeUe7DHJgly+AUqKNoxow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9CQBLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8nfrNJ9SGK/lgRymGCe1LHnNGrZMaHbT03HRLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSuKgEfiW4vyxXb/I4CnAMJ3AGAVxBFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPSnaO6g==</latexit><latexit sha1_base64="jus7VvFeUe7DHJgly+AUqKNoxow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9CQBLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8nfrNJ9SGK/lgRymGCe1LHnNGrZMaHbT03HRLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSuKgEfiW4vyxXb/I4CnAMJ3AGAVxBFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPSnaO6g==</latexit><latexit sha1_base64="jus7VvFeUe7DHJgly+AUqKNoxow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9CQBLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8nfrNJ9SGK/lgRymGCe1LHnNGrZMaHbT03HRLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSuKgEfiW4vyxXb/I4CnAMJ3AGAVxBFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPSnaO6g==</latexit><latexit sha1_base64="jus7VvFeUe7DHJgly+AUqKNoxow=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8xV0R9CQBLx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8nfrNJ9SGK/lgRymGCe1LHnNGrZMaHbT03HRLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSuKgEfiW4vyxXb/I4CnAMJ3AGAVxBFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPSnaO6g==</latexit>


