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The tin can phone °

Your voice makes the bottom of the can vibrate.

£

'""" \ The vibrations of the can's bottom are transferred to the string

|

The sound propagates along the string as vibrations
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The vibrations reach the second can
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The vibrating bottom of the second can creates sound waves



A fast tin-can phone
How to optimise this “technology’’?

Increase the sound velocity? ==—» Change the material

Sound Propagation in Air, Water, and Steel
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The fastest tin-can phone
Sound is a universal phenomenon w(k) = vk with d,w(k) = v = \/g
K 1s the bulk modulus and p is the density of the material
Finite sound velocity is a consequence of locality of the interactions

H:: Z pi i Z Kx;x;

j>i

Loaal Non-local

|
lim Kj; <exp(—=4|i—j]|) Iim K~

L e



Local or long-range

Long-range potentials are quite common in master
programs
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* Often responsible for fundamental phenomena.

e Do not come often around in condensed matter.

* May be engineered in quantum simulators.

On eternal imbzlance

Same physical systems, espec a ly inthe quantum world, do not reack 2
stable eqLilibrium 2ven aftar a long time. An ETH researzher has now
found an elegan: eéxplanat o7 for this phencmaron,
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Long-range quantum simulatots
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“Long-range interacting quantum systems”’, ND et al. Rez. Mod. Phys. 95, 035002 (2023).



Novel Dynamical Phenomena

Fast Signal Spreading Time Crystals Non-ergodic states
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P. Richerme, et al., Nature 511, 198 (2014).
J. Zhang, et al., Nature 543, 164 (2017).

PNAS Metastability and discrete spectrum of long-range systems, Nicolé Defenu, 2021.




A new world, full of treasures | o
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Long-range quantum Ising model
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What is the condition for 7. > 0



Spin-wave approximation
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Long-range interactions
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The Spectral Dimension

The spectral dimension determines the Mermin-Wagner Theorem

Spontaneous symmetry breaking of continuous symmetries only depends on
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Finite temperature SSB for d,. > 2

What about discrete symmetries?

1) R. Burioni, D. Cassi, Phys. Rev. Lett. 76, 1091 (1996).
2) R. Burioni, D. Cassi, A. Vezzani, Phys. Rev. E 60, 1500 (1999).



The Phase Diagram
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Particle production from quantum vacuum
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Time-Dependent control parameter
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Full counting defect statistics

Probability to generate n defects

P(n) = B(WV,n,p) = (
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Lipkin-Meshkov-Glick (LMG) Model

Controversy
Finite Size Scaling Argument
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* Phys. Rev. B 78, 104426 (2008).
«  Phys. Rev. Lett. 112, 030403 (2014). * Phys. Rev. Lett. 115, 180404 (2015).

Experiment: Klinder et al, Proc. Natl. Acad. Sc1. 112, 3290 (2015).
Theory: Defenu et al, Phys. Rev. Lett. 121, 240403 (2018).



Scalar QED

Klein-Gordon Equation:
<le + m2> =10
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Negative Binomial Distribution
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