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1 Bit threads

In this talk: holographic theory dual to classical Einstein gravity; static bulk spacetime; pure state
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Bit threads are unoriented 1d objects in bulk

1. Don’t split or join, end only on boundary

2. Density ≤ 1/4GN (threads have Planckian thickness)

Ryu-Takayanagi:
S(A) =

1

4GN
min
m∼A

area(m) = maxNA:Ā

NA:Ā = # threads connecting A to Ā

Max thread configuration seems to represent distilled A-Ā entanglement; 1 thread = 1 Bell pair

Casini-Huerta-Magán-Pontello ’19: Threads are intertwiners between algebras of observables in A and Ā

Riemannian max flow-min cut theorem [Federer ’74, Strang ’83, Headrick-Hubeny ’17]

Intuition: Add threads until tightly packed on minimal surface m(A)

Proof: Maximizing NA:Ā can be written as convex problem; strongly dual to:

Minimize
∫ √

g λ for function λ subject to λ ≥ 0,
∫
C ds λ ≥ 1 for any curve C from A to Ā

Solution: λ = δ-function on m(A) ⇒ max NA:Ā =
∫ √

g λ = area(m(A))



2 Three boundary regions

What if we divide boundary into 3 regions and try to connect them with as many threads as possible?

NA:B +NA:C = NA:Ā ≤ S(A)

NA:B +NB:C = NB:B̄ ≤ S(B)

NA:C +NA:C = NC:C̄ ≤ S(C)

Theorem: These bounds are collectively tight; there exists a thread configuration such that

NA:Ā = S(A) , NB:B̄ = S(B) , NC:C̄ = S(C)

Proof for networks: Kupershtokh ’71, Lovász ’76, Cherkassky ’77

Proof for Riemannian manifolds: Cui-Hayden-He-MH-Stoica-Walter ’18

Ntot = NA:B +NA:C +NB:C ≤
1

2
(S(A) + S(B) + S(C))

Maximizing Ntot can be written as convex program; strongly dual to:

Minimize
∫ √

g λ subject to λ ≥ 0,∫
C ds λ ≥ 1 for any path C connecting different regions

Solution is 1
2δ-function on each RT surface:

λ =
1

2
(δm(A)+δm(B)+δm(C)) ⇒ maxNtot =

∫
√
g λ =

1

2
(S(A) + S(B) + S(C))

C
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Theorem generalizes to any number of regions...



3 Four boundary regions & MMI

There exists a thread configuration that computes S for each region:

S(A) = NA:Ā = NA:B +NA:C +NA:D

S(B) = NB:B̄ = NA:B +NB:C +NC:D

S(C) = NC:C̄ = NA:C +NB:C +NC:D

S(D) = ND:D̄ = NA:D +NB:D +NC:D

However, composite regions are not necessarily saturated:

S(AB) ≥NAB:CD = NA:C +NB:C +NA:D +NB:D

S(AC) ≥NAC:BD = NA:B +NB:C +NA:D +NC:D

S(AD) ≥NAD:BC = NA:B +NA:C +NB:D +NC:D

Summing:

A
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B
<latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit>

C
<latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit><latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit><latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit><latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit>

NAB
<latexit sha1_base64="pTTyqepoRy9F49RgaG0lo7bVyJc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjrxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHN1O/9cS04Uo+2HHCgpgMJI84JdZJzbtedl2b9Eplr+LNgJeJn5My5Kj3Sl/dvqJpzKSlghjT8b3EBhnRllPBJsVualhC6IgMWMdRSWJmgmx27QSfOqWPI6VdSYtn6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFdgqPH0d97lm1IqxI4Rq7m7FdEg0odYFVHQh+IsvL5PmecX3Kv79Rblay+MowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gAy9I7e</latexit><latexit sha1_base64="pTTyqepoRy9F49RgaG0lo7bVyJc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjrxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHN1O/9cS04Uo+2HHCgpgMJI84JdZJzbtedl2b9Eplr+LNgJeJn5My5Kj3Sl/dvqJpzKSlghjT8b3EBhnRllPBJsVualhC6IgMWMdRSWJmgmx27QSfOqWPI6VdSYtn6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFdgqPH0d97lm1IqxI4Rq7m7FdEg0odYFVHQh+IsvL5PmecX3Kv79Rblay+MowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gAy9I7e</latexit><latexit sha1_base64="pTTyqepoRy9F49RgaG0lo7bVyJc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjrxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHN1O/9cS04Uo+2HHCgpgMJI84JdZJzbtedl2b9Eplr+LNgJeJn5My5Kj3Sl/dvqJpzKSlghjT8b3EBhnRllPBJsVualhC6IgMWMdRSWJmgmx27QSfOqWPI6VdSYtn6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFdgqPH0d97lm1IqxI4Rq7m7FdEg0odYFVHQh+IsvL5PmecX3Kv79Rblay+MowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gAy9I7e</latexit><latexit sha1_base64="pTTyqepoRy9F49RgaG0lo7bVyJc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjrxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHN1O/9cS04Uo+2HHCgpgMJI84JdZJzbtedl2b9Eplr+LNgJeJn5My5Kj3Sl/dvqJpzKSlghjT8b3EBhnRllPBJsVualhC6IgMWMdRSWJmgmx27QSfOqWPI6VdSYtn6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFdgqPH0d97lm1IqxI4Rq7m7FdEg0odYFVHQh+IsvL5PmecX3Kv79Rblay+MowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gAy9I7e</latexit>

NAC
<latexit sha1_base64="Jycpqr8qqK7+gfOmTkxwOJIdbpc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjtxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCUf7DhhQUwGkkecEuuk5l0vu65NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/+oly9yeMowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gA0eY7f</latexit><latexit sha1_base64="Jycpqr8qqK7+gfOmTkxwOJIdbpc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjtxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCUf7DhhQUwGkkecEuuk5l0vu65NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/+oly9yeMowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gA0eY7f</latexit><latexit sha1_base64="Jycpqr8qqK7+gfOmTkxwOJIdbpc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjtxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCUf7DhhQUwGkkecEuuk5l0vu65NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/+oly9yeMowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gA0eY7f</latexit><latexit sha1_base64="Jycpqr8qqK7+gfOmTkxwOJIdbpc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjtxZNUsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCUf7DhhQUwGkkecEuuk5l0vu65NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/+oly9yeMowDGcwBn4cAlVuIU6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gA0eY7f</latexit>

NBC
<latexit sha1_base64="CqTdSu0bSelsOmjWf2rvLMsMm2Q=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BiSiyeJYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZVqQptEcaU7ETaUM0mblllOO4mmWESctqNxfea3n6g2TMkHO0loKPBQspgRbJ3Uuutntfq0Xyr7FX8OtEqCnJQhR6Nf+uoNFEkFlZZwbEw38BMbZlhbRjidFnupoQkmYzykXUclFtSE2fzaKTp3ygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQEVXQjB8surpHVZCfxKcH9VrtbyOApwCmdwAQFcQxVuoQFNIPAIz/AKb57yXrx372PRuublMyfwB97nDzX/juA=</latexit><latexit sha1_base64="CqTdSu0bSelsOmjWf2rvLMsMm2Q=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BiSiyeJYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZVqQptEcaU7ETaUM0mblllOO4mmWESctqNxfea3n6g2TMkHO0loKPBQspgRbJ3Uuutntfq0Xyr7FX8OtEqCnJQhR6Nf+uoNFEkFlZZwbEw38BMbZlhbRjidFnupoQkmYzykXUclFtSE2fzaKTp3ygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQEVXQjB8surpHVZCfxKcH9VrtbyOApwCmdwAQFcQxVuoQFNIPAIz/AKb57yXrx372PRuublMyfwB97nDzX/juA=</latexit><latexit sha1_base64="CqTdSu0bSelsOmjWf2rvLMsMm2Q=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BiSiyeJYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZVqQptEcaU7ETaUM0mblllOO4mmWESctqNxfea3n6g2TMkHO0loKPBQspgRbJ3Uuutntfq0Xyr7FX8OtEqCnJQhR6Nf+uoNFEkFlZZwbEw38BMbZlhbRjidFnupoQkmYzykXUclFtSE2fzaKTp3ygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQEVXQjB8surpHVZCfxKcH9VrtbyOApwCmdwAQFcQxVuoQFNIPAIz/AKb57yXrx372PRuublMyfwB97nDzX/juA=</latexit><latexit sha1_base64="CqTdSu0bSelsOmjWf2rvLMsMm2Q=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BiSiyeJYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vf3tr6xubWdmGnuLu3f3BYOjpuGZVqQptEcaU7ETaUM0mblllOO4mmWESctqNxfea3n6g2TMkHO0loKPBQspgRbJ3Uuutntfq0Xyr7FX8OtEqCnJQhR6Nf+uoNFEkFlZZwbEw38BMbZlhbRjidFnupoQkmYzykXUclFtSE2fzaKTp3ygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQEVXQjB8surpHVZCfxKcH9VrtbyOApwCmdwAQFcQxVuoQFNIPAIz/AKb57yXrx372PRuublMyfwB97nDzX/juA=</latexit>

NAD
<latexit sha1_base64="30DIttc3YQ7jXYexbBaW0a081c4=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CQVPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANMqO3A==</latexit><latexit sha1_base64="30DIttc3YQ7jXYexbBaW0a081c4=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CQVPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANMqO3A==</latexit><latexit sha1_base64="30DIttc3YQ7jXYexbBaW0a081c4=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CQVPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANMqO3A==</latexit><latexit sha1_base64="30DIttc3YQ7jXYexbBaW0a081c4=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CQVPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANMqO3A==</latexit>

NBD
<latexit sha1_base64="NnvLkRe6KEhKgsfSey5XXwiZ6ok=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CRFPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANlCO3Q==</latexit><latexit sha1_base64="NnvLkRe6KEhKgsfSey5XXwiZ6ok=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CRFPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANlCO3Q==</latexit><latexit sha1_base64="NnvLkRe6KEhKgsfSey5XXwiZ6ok=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CRFPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANlCO3Q==</latexit><latexit sha1_base64="NnvLkRe6KEhKgsfSey5XXwiZ6ok=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CRFPXiSCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b7S0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyuuVWsFaiGYlDwZrh8HriN5+YNlzJBztKWBCTvuQRp8Q6qXHXza5uxt1S2at4U+BF4uekDDlq3dJXp6doGjNpqSDGtH0vsUFGtOVUsHGxkxqWEDokfdZ2VJKYmSCbXjvGx07p4UhpV9Liqfp7IiOxMaM4dJ0xsQMz703E/7x2aqOLIOMySS2TdLYoSgW2Ck9exz2uGbVi5AihmrtbMR0QTah1ARVdCP78y4ukcVrxvYp/f1auXuZxFOAQjuAEfDiHKtxCDepA4RGe4RXekEIv6B19zFqXUD5zAH+APn8ANlCO3Q==</latexit>

NCD
<latexit sha1_base64="P9YVInnxTiZmOphcURZ7MqZyBKg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CSFevAkFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t532hldW19Y7OwVdze2d3bLx0cNo1KNWUNqoTS7ZAYJrhkDcutYO1EMxKHgrXCUW3qt56YNlzJBztOWBCTgeQRp8Q6qXnXy2o3k16p7FW8GfAy8XNShhz1Xumr21c0jZm0VBBjOr6X2CAj2nIq2KTYTQ1LCB2RAes4KknMTJDNrp3gU6f0caS0K2nxTP09kZHYmHEcus6Y2KFZ9Kbif14ntdFVkHGZpJZJOl8UpQJbhaev4z7XjFoxdoRQzd2tmA6JJtS6gIouBH/x5WXSPK/4XsW/vyhXr/M4CnAMJ3AGPlxCFW6hDg2g8AjP8ApvSKEX9I4+5q0rKJ85gj9Anz831o7e</latexit><latexit sha1_base64="P9YVInnxTiZmOphcURZ7MqZyBKg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CSFevAkFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t532hldW19Y7OwVdze2d3bLx0cNo1KNWUNqoTS7ZAYJrhkDcutYO1EMxKHgrXCUW3qt56YNlzJBztOWBCTgeQRp8Q6qXnXy2o3k16p7FW8GfAy8XNShhz1Xumr21c0jZm0VBBjOr6X2CAj2nIq2KTYTQ1LCB2RAes4KknMTJDNrp3gU6f0caS0K2nxTP09kZHYmHEcus6Y2KFZ9Kbif14ntdFVkHGZpJZJOl8UpQJbhaev4z7XjFoxdoRQzd2tmA6JJtS6gIouBH/x5WXSPK/4XsW/vyhXr/M4CnAMJ3AGPlxCFW6hDg2g8AjP8ApvSKEX9I4+5q0rKJ85gj9Anz831o7e</latexit><latexit sha1_base64="P9YVInnxTiZmOphcURZ7MqZyBKg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CSFevAkFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t532hldW19Y7OwVdze2d3bLx0cNo1KNWUNqoTS7ZAYJrhkDcutYO1EMxKHgrXCUW3qt56YNlzJBztOWBCTgeQRp8Q6qXnXy2o3k16p7FW8GfAy8XNShhz1Xumr21c0jZm0VBBjOr6X2CAj2nIq2KTYTQ1LCB2RAes4KknMTJDNrp3gU6f0caS0K2nxTP09kZHYmHEcus6Y2KFZ9Kbif14ntdFVkHGZpJZJOl8UpQJbhaev4z7XjFoxdoRQzd2tmA6JJtS6gIouBH/x5WXSPK/4XsW/vyhXr/M4CnAMJ3AGPlxCFW6hDg2g8AjP8ApvSKEX9I4+5q0rKJ85gj9Anz831o7e</latexit><latexit sha1_base64="P9YVInnxTiZmOphcURZ7MqZyBKg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9CSFevAkFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t532hldW19Y7OwVdze2d3bLx0cNo1KNWUNqoTS7ZAYJrhkDcutYO1EMxKHgrXCUW3qt56YNlzJBztOWBCTgeQRp8Q6qXnXy2o3k16p7FW8GfAy8XNShhz1Xumr21c0jZm0VBBjOr6X2CAj2nIq2KTYTQ1LCB2RAes4KknMTJDNrp3gU6f0caS0K2nxTP09kZHYmHEcus6Y2KFZ9Kbif14ntdFVkHGZpJZJOl8UpQJbhaev4z7XjFoxdoRQzd2tmA6JJtS6gIouBH/x5WXSPK/4XsW/vyhXr/M4CnAMJ3AGPlxCFW6hDg2g8AjP8ApvSKEX9I4+5q0rKJ85gj9Anz831o7e</latexit>

D
<latexit sha1_base64="U4/mfJoAShzGmETd1ikSIJ60KnQ=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkVRU8S0IPHBMwDkiXMTnqTMbMPZmaFsOQLvHhQxKuf5M2/cZJsIIoWNBRV3XR3+YngSjvOl1VYWV1b3yhulra2d3b3yvsHTRWnkmGDxSKWbZ8qFDzChuZaYDuRSENfYMsf3Uz91iNKxePoXo8T9EI6iHjAGdVGqt/2yhXXdmYgjn2xILmysCqQo9Yrf3b7MUtDjDQTVKmO6yTay6jUnAmclLqpwoSyER1gx9CIhqi8bHbohJwYpU+CWJqKNJmpyxMZDZUah77pDKkeqt/eVPzL66Q6uPIyHiWpxojNFwWpIDom069Jn0tkWowNoUxycythQyop0yab0nII/5Pmme06tls/r1Sv8ziKcATHcAouXEIV7qAGDWCA8AQv8Go9WM/Wm/U+by1Y+cwh/ID18Q2e/ozK</latexit><latexit sha1_base64="U4/mfJoAShzGmETd1ikSIJ60KnQ=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkVRU8S0IPHBMwDkiXMTnqTMbMPZmaFsOQLvHhQxKuf5M2/cZJsIIoWNBRV3XR3+YngSjvOl1VYWV1b3yhulra2d3b3yvsHTRWnkmGDxSKWbZ8qFDzChuZaYDuRSENfYMsf3Uz91iNKxePoXo8T9EI6iHjAGdVGqt/2yhXXdmYgjn2xILmysCqQo9Yrf3b7MUtDjDQTVKmO6yTay6jUnAmclLqpwoSyER1gx9CIhqi8bHbohJwYpU+CWJqKNJmpyxMZDZUah77pDKkeqt/eVPzL66Q6uPIyHiWpxojNFwWpIDom069Jn0tkWowNoUxycythQyop0yab0nII/5Pmme06tls/r1Sv8ziKcATHcAouXEIV7qAGDWCA8AQv8Go9WM/Wm/U+by1Y+cwh/ID18Q2e/ozK</latexit><latexit sha1_base64="U4/mfJoAShzGmETd1ikSIJ60KnQ=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkVRU8S0IPHBMwDkiXMTnqTMbMPZmaFsOQLvHhQxKuf5M2/cZJsIIoWNBRV3XR3+YngSjvOl1VYWV1b3yhulra2d3b3yvsHTRWnkmGDxSKWbZ8qFDzChuZaYDuRSENfYMsf3Uz91iNKxePoXo8T9EI6iHjAGdVGqt/2yhXXdmYgjn2xILmysCqQo9Yrf3b7MUtDjDQTVKmO6yTay6jUnAmclLqpwoSyER1gx9CIhqi8bHbohJwYpU+CWJqKNJmpyxMZDZUah77pDKkeqt/eVPzL66Q6uPIyHiWpxojNFwWpIDom069Jn0tkWowNoUxycythQyop0yab0nII/5Pmme06tls/r1Sv8ziKcATHcAouXEIV7qAGDWCA8AQv8Go9WM/Wm/U+by1Y+cwh/ID18Q2e/ozK</latexit><latexit sha1_base64="U4/mfJoAShzGmETd1ikSIJ60KnQ=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkVRU8S0IPHBMwDkiXMTnqTMbMPZmaFsOQLvHhQxKuf5M2/cZJsIIoWNBRV3XR3+YngSjvOl1VYWV1b3yhulra2d3b3yvsHTRWnkmGDxSKWbZ8qFDzChuZaYDuRSENfYMsf3Uz91iNKxePoXo8T9EI6iHjAGdVGqt/2yhXXdmYgjn2xILmysCqQo9Yrf3b7MUtDjDQTVKmO6yTay6jUnAmclLqpwoSyER1gx9CIhqi8bHbohJwYpU+CWJqKNJmpyxMZDZUah77pDKkeqt/eVPzL66Q6uPIyHiWpxojNFwWpIDom069Jn0tkWowNoUxycythQyop0yab0nII/5Pmme06tls/r1Sv8ziKcATHcAouXEIV7qAGDWCA8AQv8Go9WM/Wm/U+by1Y+cwh/ID18Q2e/ozK</latexit>

S(AB) + S(AC) + S(AD) ≥ S(A) + S(B) + S(C) + S(D)

monogamy of mutual information (MMI) [Hayden-MH-Maloney ’11]

(See [Hubeny ’18] for alternative proof, [Agon-de Boer-Pedraza ’18] for explicit constructions)



4 Higher inequalities

Generalizations [MH-Held-Herman, forthcoming]:

The good news:

Consider a set of composite regions Rα that do not cross (partially overlap); e.g. A, B, C, D, AB, ABC

Theorem 1: There exists a thread configuration saturating all the Rα:

NRα:R̄α = S(Rα)

A bundle consists of all threads connecting two elementary regions

Theorem 2: Bundles can be chosen not to overlap

Proves conjecture by Hubeny ’18

The bad news:

When regions cross (e.g. AB, BC), a saturating configuration does not necessarily exist

(Statements true on graphs do not hold on manifolds)

Higher entropy-cone inequalities [Bao et al ’15] have crossing regions on RHS; e.g. 5-party dihedral inequality

S(ABC) + S(BCD) + S(CDE) + S(DEA) + S(EAB)

≥ S(AB) + S(BC) + S(CD) + S(DE) + S(EA) + S(ABCDE)

Therefore RHS is not calculated by any single thread configuration

Understanding such inequalities in terms of bit threads requires something more complicated



5 Entanglement wedge cross sections

[Harper-MH ’19; see also Du-Chen-Shu ’19; Bao-Chatwin-Davies-Pollack-Remmen ’19]

A BEw(A : B)
<latexit sha1_base64="dptoE9iro1rAJ6PdhRnuxTv1OUA=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBahXkpSBcVTVQSPFewHtqFstpt26WYTdjdKCf0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprTjfFu5peWV1bX8emFjc2t7x97da6gokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH15P/OYjlYpF4l6PYuqFuC9YwAjWRnq46aZP49LlxdVx1y46ZWcKtEjcjBQhQ61rf3V6EUlCKjThWKm268TaS7HUjHA6LnQSRWNMhrhP24YKHFLlpdOLx+jIKD0URNKU0Giq/p5IcajUKPRNZ4j1QM17E/E/r53o4NxLmYgTTQWZLQoSjnSEJu+jHpOUaD4yBBPJzK2IDLDERJuQCiYEd/7lRdKolN2TcuXutFitZHHk4QAOoQQunEEVbqEGdSAg4Ble4c1S1ov1bn3MWnNWNrMPf2B9/gBHl4/z</latexit>

m(AB)
<latexit sha1_base64="3MslkAMRw40SFxn3aTKw6UykzCc=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnpEvXjExAUS2JBu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+G7mt5+o0iyWj2aS0EDgoWQRI9hYyRfVm9vzfrni1tw50CrxclKBHM1++as3iEkqqDSEY627npuYIMPKMMLptNRLNU0wGeMh7VoqsaA6yObHTtGZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66Ymug4yJpPUUEkWi6KUIxOj2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbTqNe+iVn+4rDTcPI4inMApVMGDK2jAPTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD6lrjd8=</latexit>

Ew(A : B) :=

minimal cross section of AB homology region (entanglement wedge)

Conjectured to equal

• entanglement of purification

[Takayanagi-Umemoto ’17, Nguyen-Devakul-Halbasch-Zaletel-Swingle ’17]

• entanglement negativity [Kudler-Flam-Ryu ’18]

• odd entropy [Tamaoka ’18]

• reflected entropy [Dutta-Faulkner ’19]

Can be computed by threads, not allowing threads to end on m(AB)

All geometric properties of Ew follow simply

A B

m(AB)
<latexit sha1_base64="3MslkAMRw40SFxn3aTKw6UykzCc=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnpEvXjExAUS2JBu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+G7mt5+o0iyWj2aS0EDgoWQRI9hYyRfVm9vzfrni1tw50CrxclKBHM1++as3iEkqqDSEY627npuYIMPKMMLptNRLNU0wGeMh7VoqsaA6yObHTtGZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66Ymug4yJpPUUEkWi6KUIxOj2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbTqNe+iVn+4rDTcPI4inMApVMGDK2jAPTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD6lrjd8=</latexit>

Ew(A : B)
<latexit sha1_base64="ZDdrJ6AMi7QrE8W40mozdKsm3/0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkrSChZPVRE8VrAf2Iay2W7apZtN2N0oJfRfePGgiFf/jTf/jds2B219MPB4b4aZeV7EmdK2/W1lVlbX1jeym7mt7Z3dvfz+QVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3uh66rceqVQsFPd6HFE3wAPBfEawNtLDTS95mhQvL65Oe/mCXbJnQMvESUkBUtR7+a9uPyRxQIUmHCvVcexIuwmWmhFOJ7lurGiEyQgPaMdQgQOq3GR28QSdGKWP/FCaEhrN1N8TCQ6UGgee6QywHqpFbyr+53Vi7VfdhIko1lSQ+SI/5kiHaPo+6jNJieZjQzCRzNyKyBBLTLQJKWdCcBZfXibNcsmplMp3Z4VaNY0jC0dwDEVw4BxqcAt1aAABAc/wCm+Wsl6sd+tj3pqx0plD+APr8wdJZY/5</latexit>



6 Multi-region cross sections

Conjectured to equal multipartite entanglement of purification

[Umemoto-Zhou ’18; see also Bao-Cheng ’19 for alternative conjecture]:

Ep({Ai}) := min
purification

|ψ〉

∑
i

S(ψAiA′
i
) Note: Ep({Ai}) ≥

∑
i

Ep(Ai : Āi)

To calculate with threads:

• Different “species” of thread for each boundary region

• Threads of different species do not interact in bulk

• Threads can attach to m({Ai}) — but only all species together

• Number of Ai threads attached to Ai equals Ew(Ai : Āi)

• Rest of threads are attached to m({Ai}); may represent “truly

multipartite” part of Ep({Ai})

vCvBvA

Ew(A : Ā)

Ew(B : B̄)

Ew(C : C̄ )



7 Bipartite dominance

For 2 regions, threads can be thought of Bell pairs after

entanglement distillation:

NA:B = S(A) = S(B) =
1

2
I(A : B)

A
<latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit><latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit><latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit><latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit>

B
<latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit>

C
<latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit><latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit><latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit><latexit sha1_base64="WGhUnBW9k1Gci7etSrKo1BHGA8I=">AAAB6HicdVBNTwIxEO3iF+IX6tFLIzHxtOkiuHAjcvEIiYAJbEi3dKHS7W7argnZ8Au8eNAYr/4kb/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP21mfu+eSsUicaNnMfVCPBYsYARrI7Wbw2IJ2ajqVOsuRPaFWy+jmiEIXboVBB1DMpTACq1h8X0wikgSUqEJx0r1HRRrL8VSM8LpvDBIFI0xmeIx7RsqcEiVly4OncMzo4xgEElTQsOF+n0ixaFSs9A3nSHWE/Xby8S/vH6ig5qXMhEnmgqyXBQkHOoIZl/DEZOUaD4zBBPJzK2QTLDERJtsCiaEr0/h/6Rbth1kO+1KqXG1iiMPTsApOAcOcEEDXIMW6AACKHgAT+DZurMerRfrddmas1Yzx+AHrLdP/8eNEA==</latexit>

A
<latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit><latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit><latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit><latexit sha1_base64="O2AvvEGLpA0pJmELn3IhsfpUjEk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnriZPEW9eIxARMDyRB6OjVJm56F7h4hhHyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNCEfVmZldW19I7uZ29re2d3L7x+0VJxKBk0Wi1i2fapA8AiammsB7UQCDX0Bt/7oaubf3oNUPI5u9DgBL6SDiAecUW2kxkUvXyA2cUslt4iJfVYpVx1iSLniuuQcOzaZo4CWqPfy791+zNIQIs0EVarjkER7Eyo1ZwKmuW6qIKFsRAfQMTSiIShvMj90ik+M0sdBLE1FGs/V7xMTGio1Dn3TGVI9VL+9mfiX10l1UPUmPEpSDRFbLApSgXWMZ1/jPpfAtBgbQpnk5lbMhlRSpk02ORPC16f4f9Iq2g6xnYZbqF0u48iiI3SMTpGDKqiGrlEdNRFDgB7QE3q27qxH68V6XbRmrOXMIfoB6+0T/xyNEA==</latexit>

B
<latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit><latexit sha1_base64="AT37F6zqtc/lxPKeXfFYrBAQydk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiShtl2WunHZgn1AG8pkOmnHTh7MTIQS+gVuXCji1k9y5984aSOo6IELh3Pu5d57vJgzqSzrwyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO178+vM799TIVkU3qpFTN0AT0PmM4KVljqtcblimbWqc+VUkWVaK2TEdmr1BrJzpQI52uPy+2gSkSSgoSIcSzm0rVi5KRaKEU6XpVEiaYzJHE/pUNMQB1S66erQJbrQygT5kdAVKrRSv0+kOJByEXi6M8BqJn97mfiXN0yU33BTFsaJoiFZL/ITjlSEsq/RhAlKFF9ogolg+lZEZlhgonQ2JR3C16fof9JzTNsy7U610mzlcRThDM7hEmyoQxNuoA1dIEDhAZ7g2bgzHo0X43XdWjDymVP4AePtE9hFjPU=</latexit>

For 3 regions,

NA:B =
1

2
I(A : B) , NA:C =

1

2
I(A : C) , NB:C =

1

2
I(B : C)

Three-party distillation into Bell pairs?

Possible only if state contains only bipartite (no tripartite) entanglement

(up to order-1 corrections)

— no matter how boundary is decomposed into A,B,C

“Bipartite dominance”

Do there exist quantum states with this property? Yes:

Simple example: 4-party perfect tensor (4PT)

More interesting: Random stabilizer tensor networks [Nezami-Walter ’16]

Bipartite dominance implies that, for any 4-region decomposition, there is only bipartite + 4PT entanglement

Simplest non-trivial entanglement structure consistent with MMI



8 Bipartite dominance vs. cross sections

Bipartite dominance implies I(A : B) is entirely due to entanglement (no classical correlations)

This fixes both entanglement of purification & reflected entropy:

EOP =
1

2
RE =

1

2
I(A : B) (1)

But typically

Ew(A : B) >
1

2
I(A : B) (at order in G−1

N )

Thus conjectures relating Ew to EOP/RE apparently contradict bipartite dominance

Three ways out:

• Bipartite dominance is wrong

• Ew 6= EOP, RE

• Order-1 corrections in bipartite dominance spoil (1)

Akers-Rath ’19 argued against this on grounds of continuity


