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“Entanglement 1s [...] the characteristic trait of quantum mechanics”

Erwin Schrédinger

“Information 1s physical”

Rolf Landauer

Entanglement poses significant challenges in simulating

the out-of-equilibrium dynamics of interacting quantum systems




What is entanglement? And how is it related to information?

Composite system

p actson Z

, } p # ps ® pgp1n any basis = p has entanglement between A and B

p>=p
Information of state of subsystem A 1s contained 1n p, = Trg(p) via (0,) = Tra(p,0,)

If p 1s entangled, then all information in the state can not be accessed locally in A and B!

Entanglement 1s nonlocal information



The von Neumann information
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If p? = p, then we have access to In(274) bits of information

If p, <1, then we have access to 0 bits of information

In between, the accessible information 1s the von Neumann (Shannon) information

I(py) = In2% — S(p,)

Q: What 1s the distribution of information 1n a given state?



Example: information in a singlet
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Local information within the information lattice
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* i” decomposes the total information in a region centered at n according to the corresponding scales

* i’ is local: a local unitary on nearest neighbors can only move it from ¢ to 7 + 1



Local information for the efficient time evolution of interacting quantum systems

Q: How to simulate the dynamics of thermalizing interacting quantum systems?
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New approach: Local information time evolution (LITE)
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Time evolution on subsystems

We decompose the system 1n smaller subsystems...
r = 1: If there 1s no information on scale 7 + h

_ @_\1 — we can construct p’*! via a Petz recovery map
v n Cy, Pruiin = exp |In(py) + In(p;, ) — In(p, )]
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1 increases with time (growth of entanglement)!
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This gives rise to a non-closed hierarchy of equations! Petz recovery map at fixed scale fails




Minimize information on a large scale Z_. - keeping density matrices and

information flow on smaller scales fixed
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We get reliable information current

evolving information to larger scale 7., > 7.,



Magnetization & energy ditfusion with LITE

Remove information at large scales Open XX chain with dephasing

preserving information currents 20
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Mixed field Ising model
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Nanoscale spin transport with LITE

Magnetization transport LITE is the state-of-the-art method for transport

in interacting Carbon-13 nuclear spins —p reproduced the experimental results and gave access

surrounding a Nitrogen-Vacancy center to the spatial distribution of magnetization

in diamond
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Characterizing states through local information

The information lattice characterizes quantum states
through the distribution of local information

Information per scale 1/ = ) if
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Local information tlow in quantum quench dynamics

The local information flow characterizes quantum quench dynamics

Example: Topological Kitaev chain coupled to a tight-binding chain
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[t explains previously observed fractional signatures of entanglement entropy
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Conclusions

LLITE is an efficient method

for time evolution of large many-body quantum systems up to large times

LITE applies to generic local Hamiltonians:

 Disordered and localized systems

e Subdiffusive, diftusive, superdiftusive,
and ballistic hydrodynamic behaviors

Open quantum system governed by the Lindblad equation

remove * Driven systems
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Higher dimensional systems
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The code will soon be publicly available and fully documented



