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Quantum states
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W}combined> =A |01> + B ’00> +C |10> +D |11>

L systems = 2~ complex parameters
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Quantum physics is hard
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How | learned to stop worrying and love the hardness

Algorithms



Many-body quantum dynamics simulations with the Ibisco resource

Publications using Ibisco

» Angelo Russomanno, Giulia Piccitto, Davide Rossini,
Entanglement transitions and quantum bifurcations under
continuous long-range monitoring,

Physical Review B, 108, 104313 (2023).

» Martina Minutillo, Procolo Lucignano, Gabriele Campagnano,
and Angelo Russomanno,
Kitaev ring threaded by a magnetic flux: Topological gap,
Anderson localization of quasiparticles, and divergence of
supercurrent derivative,
Physical Review B, 109, 064504 (2024).
» Giulia Piccitto, Davide Rossini, Angelo Russomanno,

The impact of different unravelings in a monitored system of
free fermions,

arXiv:2402.06597 (2024).
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Effect of a classical environment

Environment random measurements
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Quantum trajectories “Brownian motion”

Environment random measurements

Huge parallelization using MPI
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Coupling to an environment (monitored dynamics)

fermionic Hamiltonian
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Coupling to an environment (monitored dynamics)

fermionic Hamiltonian

QZ] 1( j j+1+c;+1c)

L= —i[H, pg] + ’yz 1 fypei; — 3{n;,pr}  Lindblad equation
a2 =n; =éle,
Quantum state diffusion unraveling ) (W] = py

Gau55|an (Wiener process) <dW’dWJ> 8(t—t')6; jdt

d ) = —iHdt ) + Z (VAT — ()] W7 20— (i ) )

Non-Hermitian stochastic quadratic Hamiltonian

|t) Slater determinant (discretize time and multiply L x L matrices)
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Coupling to an environment (monitored dynamics)
Trotterize
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(orthonormalization that keeps constant the correlation matrix
C =Uuh).
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“Quantum bifurcation”
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“Quantum bifurcation” Classical bifurcation
(2" order transition)

Landau free energy P ~ e~/

Metropolis algorithm
classical finite-size 2D Ising

magnetization distribution
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“Quantum bifurcation” Classical bifurcation
(2" order transition)

Landau free energy P ~ e~/

Metropolis algorithm
classical finite-size 2D Ising

magnetization distribution
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Different (quantum-jump) unraveling
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Let's get nonintegrable
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Let's get nonintegrable

3 L At A Voaza W i -
=0 (5 (6705, + 1 c) + o505, + F(-1)67]

Wrrst) = (1 —iH6t) [4y)
A% z o Az z 2 242
+ > [5§l(t) (Ul — (o} >t) — 36t (Ul — (0} >t) ]WQ + O(426t2)
W = 0;10;+ 0t Gaussian uncorrelated
Trotterize
3 52 z 57 _(g? 2
[Vivot) = Ne’iH‘SteZl [5£l(t)(gl —{of),)=ot(67 (7). ) } i) + O(y25t%)

Rotation symmetry along z — S, = %Zl o7 conserved

Restrict to block with S, = 0 = dimH;, = (;%,)
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Krylov algorithm ACM Trans. Math. Softw. 24 (1) (1998)
130-156 (Expokit)
J. Chem. Phys. 85, 5870-5876 (1986)

> |0 = o—iHst D).

> Write the subspace Span{|®), H |¥), H2|¥), ..., HM |¥)}
(H sparse).

» Expand the Hamiltonian in this basis (truncate).

» Converges even for M ~ 20.
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Quantum bifurcation
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Localization properties

» Inverse participation ratio IPR = Z{sj} [ ({5} [Ze)) ]2
» [{s;}) classical spin configurations 67 [{s;}) = s; |{s;})-
» IPR ~ 1 localized.

» IPR~ 1/dim# , fully delocalized.
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Localization properties

P Inverse participation ratio

log(IPR) = log (z oy | {8531 102)) |4) (average over time
and realizations).

» [{s;}) classical spin configurations 67 [{s;}) = s; |{s;})-

» log(IPR) ~ 0 localized.

» log(IPR) ~ —logdim H, fully delocalized.

» log(IPR) ~ —flogdim #Hy, with 0 < 8 < 1 anomalously
delocalized.
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Localization properties

Linear fit log(IPR) ~ —Slogdim #H,
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Localization properties
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Future challenges

» Matrix product states and robustness of Many-Body
localization to local heating.

» Neural network states and QAOA dynamics.
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Thank you for your attention!



