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In (some) condensed matter systems: propagation velocity is

dw(K)

group velocityW obtained from quasi-particle dispersion

General behaviour??? = Lieb-Robinson bound
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Spatio-temporal evolution
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Lieb-Robinson bound
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@ physical relevancdransmission of information, growth of
entanglement, clustering of correlations, Lieb-Schiattis inD > 1,
finite-size errors of simulations. . .
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@ physical relevancdransmission of information, growth of
entanglement, clustering of correlations, Lieb-Schiattis inD > 1,
finite-size errors of simulations. . .

@ very general result

@ restrictions:

o finite local dimension
o finite interaction range +— relax!
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Long-range lattice models
Short-rangefinite-range (e.gnearest-neighboyr

or exponentially decaying{ e " with ¢ > 0)
Long-range:power law decayingx 1/r with o > 0
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Long-range lattice models

Short-rangefinite-range (e.gnearest-neighboyr
or exponentially decaying{ e " with ¢ > 0)
Long-range:power law decayingx 1/r with o > 0

Realisations of long-range many-body systems:

o Dipolar materials

o Free Electron Laser

o Rydberg atoms

o Cavity QED

e Crystals of trapped ionsi/r
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Long-range lattice models

Short-rangefinite-range (e.gnearest-neighboyr
or exponentially decaying{ e " with ¢ > 0)
Long-range:power law decayingx 1/r with o > 0

Realisations of long-range many-body systems:

o Dipolar materials

o Free Electron Laser

o Rydberg atoms

o Cavity QED

e Crystals of trapped ionsi/r

Propagation in long-range lattice models???
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Propagation in long-range lattice models
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Propagation in long-range lattice models
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Propagation in long-range lattice models
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Absence of a finite propagation velocity!

General predictions? Long-range Lieb-Robinson bounds?

Michael Kastner Supersonic propagation in long-range lattice models



Long-range Lieb-Robinson bounds
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Long-range Lieb-Robinson bounds
Here:classical-mechanical
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‘Applications

«a-dependence of the propagation front
a= 1/4 a=3/4
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J. Eisert, M. van den Worm, S. R. Manmana, M. K., PRI, 260401 (2013)
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‘Applications

«a-dependence of the propagation front
a= 1/4 o= 3/4
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J. Eisert, M. van den Worm, S. R. Manmana, M. K., PRI, 260401 (2013)

a=3/2

Propagation igjualitatively differenin the regimes

0<a<D/2 D/2<a<D

D<a«a

Two threshold valuesy = D/2 anda = D
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1110 Lieb-Robinson Long rangeApplications Conclusions L
Application: approach to thermal equilibrium

Scaling laws of relaxation
: times:
Py HMF model: 7 oc N
e it = with q ~ 1.7 — 2.0

10

A. Campaet al., Phys. Rep480, 57 (2009)
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Experimental realisation of long-range interactions

Beryllium ions in a Penning trap

J. W. Brittonet al., Engineered two-dimensional Ising interactions in a
trapped-ion quantum simulator with hundreds of spins,

Nature484, 489 (2012).
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o 2d Coulomb crystal on a triangular lattice

o Valence-electron spin states as qubits (Ising
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@ Spin—spin interactions mediated by crystal's
transverse motional degrees of freedom
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Experimental realisation of long-range interactions

Beryllium ions in a Penning trap

J. W. Brittonet al., Engineered two-dimensional Ising interactions in a
trapped-ion quantum simulator with hundreds of spins,

Nature484, 489 (2012).

o 2d Coulomb crystal on a triangular lattice

o Valence-electron spin states as qubits (Ising
spins)

@ Spin—spin interactions mediated by crystal's
transverse motional degrees of freedom

o Effective (anti- )ferromagnetic Ising
Hamiltonian H =) ~ Jjoo} ZB o L
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‘Applications

Experimental results

long-rangeXY model H=-J Z

realised in a linear Paul ion trap
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