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Abstract: Understanding entanglement in QFTs is a challenging topic that involves many aspects. One important probe for this is the mod
entanglement) Hamiltonian, which is closely related to the Unruh effect. We determine this operator for the chiral fermion at finite temperatt
the circle using complex analysis, and show that it exhibits surprising new features. This simple system illustrates how a modular flow can tra
from complete locality to complete non-locality as a function of temperature, thus bridging the gap between previously known limits. We
derive the first exact results for the entanglement and relative entropies of this system for the different spin sectors. Base
[1905.05768,1906.02207].
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Geometry

‘70s Black hole thermodynamics ’06 Holographic entanglement entropy

"I 3 Complexity & black holes ...and many more
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Outline

Introduction: entanglement Hamiltonians

The system/question: chiral fermion on the torus

Take-home message/solution: new Hamiltonian

The tools: resolvent + complex analysis
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Entanglement

One measure: entanglement entropy

Sy = —try (pv log pv)
Entanglement (modular) Hamiltonian
-Kv

pv =€

Relative entropy as measure of distinguishability of states

D(plo) = Tr(plogp) — Tr (plogo) = A(K) — AS

‘First law of entanglement’  d(Kv) = dSv

Quantum info, many body physics, AdS/CFT, ...
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Simplest case: Unruh effect

Reduce vacuum into right half space pgr = try|Q2)(9]

Vacuum prepared by euclidean path integral on plane

ICR=/ dx B(x) Too , B(x)=2nx
>0

Here K is Noether charge of boost symmetry — local
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What is known?

1 Casini-Huerta-Myers ’| |
A
(

Vacuum

/ QFTy, &> Cx Ty
| | /
\‘ 2

Rindler-like (local)

Casini-Huerta '09

Non-trivial regions / topology — non-local, non-universal
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The question

One interval on the torus?
4 spin sectors = R-NS,NS-NS (x,t)

B —0 :thermal state on R
Local Cardy-Tonni'16
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The question

One interval on the torus?
4 spin sectors = R-NS, NS-NS (x,t)

B —0 :thermal state on R
Local Cardy-Tonni'16

B — 00: two vacua on S? Klich-Vaman-Wong '15
NS :Local c-1’16

R : Local + completely non-local

Ky ~ /‘;2 dxdy a(w,y)iﬁf(w)?b(y)
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