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Entanglement as geometry and flow
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We explore the connection between the area law for entanglement and geometry by representing the en-
tanglement entropies| corresponding to all 2"V bipartitions of an N-party pure quantum system [by means of a
(generalized) adjacency matrix. In the cases where the representation is exact, the elements of that matrix co-
incide with the mutual information between pairs of sites. In others, it provides a very good approximation,
and in all the cases it yields a natural entanglement contour which is similar to previous proposals. Moreover,
for one-dimensional conformal invariant systems, the generalized adjacency matrix is given by the two-point
correlator of an entanglement current operator.
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FIG. 1. (a) Schematic picture of the binary tree tensor network
(TTN). The ovals (black) and circles (red) represent isometries and
bare spin degrees of freedom, respectively. The arrows are the tensor
legs, which we call the (auxiliary) bonds. The rhombus (red) rep-
resents the singular values. The part surrounded by the dotted curve
(red) 1s the central area. (b) The isometry V ;. Directions of the bonds
are shown by arrows.
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FIG. 2. A variety of tree tensor network (TTN) geometries.
(a) The matrix product network (MPN). (b) The perfect binary TTN.
(¢) An example of the nonuniform TTN.
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FIG. 6. Inhomogeneous interactions on the hierarchical chain
when () N =2,(b) N =4, and (¢c) N = 16.
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FIG. 10. Optimal structures for (a) « = 1.00, (b) « = 0.80, and
(¢) o = 0.75. The system size is N = 64. Only the left half of the tree
tensor network (TTN) is presented, while the right half is symmetric
with respect to the center of the system.
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FIG. 7. Optimization process when o = 0.5 and N = 64. (a) The
initial matrix product network (MPN). (b) After the first sweep.
(c) Any time after the second sweep. Only the left half of the tree
tensor network (TTN) is presented, while the right half is symmetric
with respect to the center of the system.

FIG. 10. Optimal structures for (a) « = 1.00, (b) & = 0.80, and
(c) @ = 0.75. The system size is N = 64. Only the left half of the tree
tensor network (TTN) is presented, while the right half is symmetric
with respect to the center of the system.
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