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We trace the origin of this long-range entanglement through holography Geometrically, finite size limits the outward extension of the geodesic,
and entanglement renormalization. squeezing the excess part into an additional vertical segment.

MERA and holography The geodesic toward past infinity is finite only because spatial and

temporal contributions cancel. Finite size cuts off the spatial
part and leaves an extra vertical IR contribution ~log(AL).

Residual entropy in IR state

The finite-depth IR state |¥;g) is derived explicitly in cMERA as a
two-particle state

MERA is a real-space entangle-
ment renormalization scheme. |2]
Its entropy can be estimated by a
minimal bond cut, reproducing
the critical scaling.

This directly parallels the Ryu—
Takayanagi formula in
holography |3]
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which motivates the AdS/MERA
correspondence [4,5].

The entanglement carried by this surviving IR pair is then

For non-unitary /non-Hermitian
critical systems, the dual
geometry becomes de Sitter.

Although dS again admits an RT / minimal-cut picture, its extremal
surface opens outward toward the IR end, rather than returning to
the boundary [6].

This qualitative difference underlies the extra residual term.

Unavoidable IR divergence

For a finite-size system, the real-space RG
circuit has only a finite depth ~ loglL.

A critical system cannot be fully dis-

entangled by a finite-depth circuit. Because outward RT curves for different boundary intervals all converge

to the same IR poles, they intersect the same surviving pair. This
makes the residual contribution £-independent.

Forcing a finite-depth circuit to end in a
fully disentangled IR state therefore
produces an IR singularity.

In AdS, the geodesic can detour this
singularity. Thus, we cannot resolve a
gap below 1/L in Hermitian systems.

Reference

1. P. Calabrese and J. Cardy, Entanglement entropy and quantum field theory, J.
Stat. Mech. P06002 (2004).

2. G. Vidal, Entanglement Renormalization, Phys. Rev. Lett. 99, 220405 (2007).

3. S. Ryu and T. Takayanagi, Holographic Derivation of Entanglement Entropy from

In dS, the geodesic is instead driven toward AdS/CFT, Phys. Rev. Lett. 96, 181602 (2006).

the IR endpoint, so this singularity becomes
unavoidable. A

singular core\ 4. B. Swingle, Constructing holographic spacetimes using entanglement renormal-
ol ization, arXiv:1209.3304.

5. N. Bao, C. Cao, S. M. Carroll, A. Chatwin-Davies, N. Hunter-Jones, J. Pollack,
and G. N. Remmen, Consistency Conditions for an AdS/MFERA Correspondence,
Phys. Rev. D 91, 125036 (2015).

To obtain a non-singular description, we in-
stead retain a partially disentangled IR

state |\IJIR> for non-Hermitian systems. 6. K.-H. Chou and P.-Y. Chang, Entanglement Renormalization of Non-Hermitian

Systems and the Emergent de Sitter Space, manuscript in preparation.




