Quantum criticality
and out-of-equilibrium scaling
In long-range systems
and beyond

- Constructing effective theories of (universal) phenomena-
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Long-range interactions across experiments
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Long-range quantum Ising model a < d
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Quantum Critical Point at 2, > 0



Quasi-Stationary-States

Initial State
m, = (3.0))/IN
Iim m, = 1

t—0

Final Hamiltonian
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Discrete Spectrum
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Effective models I: Kitaev Chain

N N/2—-1
HKLR —_— Z Z J ATAH_F_'_éj j+r_ ClCH-I’_ 6éj+r hz 1 - 26TA

=1 r=1

. O O
C, = Uy, + v_k;/ k Wiila (uy, v,) = | cos 7 Sin ?



Quench Dynamics

Quench from the normal phase Ai; >> 1 to the topological phase
he <1
a> 1

N=64 —— N=256 — N=1024
N=128 —— N=512

N=128 = N=512 — N=2048
N=256 -~ N=1024 — N=4096
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Significance
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The linear dynamics of closed quantum systems produce well-known difficulties in the
definition of quantum chaos. This leads to several issues in the theoretical justification of
the equilibration and thermalization dynamics observed in closed experimental systems. In
the case of large harmonic baths these issues are partially resolved due to the continuous
nature of the spectrum, which produces divergent Poincaré recurrence times. As is shown
in the following, such a scenario does not apply to long-range interacting models, whose
spectrum remains discrete up to the thermodynamic limit, in contradiction with the
textbook description of infinitely extended systems.
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Long-range quantum Ising model
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New tools are needed

Theoretical understanding is limited as the scaling of couplings
becomes super-extensive

All to all couplings severely reduce numerical performance



My solution

~N new bonds

Additional random

bonds

Regular lattice | Selt-averaging graph

in d-dimension o structure

A. P. Millan, G. Gori, F. Battiston, T. Enss, N. Defenu, Phys. Rev. Res. 3, 023015 (2021).




The universality conjecture

Match the low-energy Reproduce the universal
spectra scaling
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Universal Scaling Exponent
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G. Bighin, T. Enss, N. Defenu, arXiv:2211.13302 (2022).



My goal
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Advantages:

* Fast entanglement spreading inherited by long-range couplings
* Amenable numerics thanks to sparse coupling matrices

* Universal tool to describe long-range interacting systems



Methodology

(Out-of-equilibrium)
RG study at a > d

1/N-expansion at & < d
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Entering a new era of quantum information

Manipulate fundamental physics laws via complex
geometric structures

Tuneable Spectrum Strong Interactions
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