Noise Induced Delocalization in Strongly Localized Quantum Systems
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Introduction

The quantum diffusion in 1D tight-binding model has an enriched background. L.
Hufnagel et al had done a numerical calculation [1] which resulted that the variance
of a wave packet in 1D tight-binding can show a superballistic increase (o2 = ¥ with
2 < v < 3) for parametrically large time intervals with the appropriate model. There
are other studies for anomalous sub-diffusive, diffusive and super-diffusive dynam-
ics. The delocalization role of the noise in presence of strong localization had been
studied by two of the authors in the ref [2]. We have showed that in stongly localized
1D tight-binding systems, Markovian noise can delocalize the system into the desired
sub-diffusive, diffusive ,super-diffusive and even superballistic regime.

When the tunneling matrix elements are much smaller than the diagonal elements
(deep in the MBL state), one can simplify the Hamiltonian for fermion systems weakly
coupled to a bath, by treating the bath as a classical diagonal noise source. Under
these conditions, the off-diagonal elements of the density matrix dephase rapidly and
the density matrix becomes effectively diagonal after a microscopic time scale. For
sufficiently weak coupling, the density matrix has enough time to dephase between
successive quantum jumps as the local jump operators (the system operators directly
coupled to the bath) do not create resonances deep in the localized phase. One can
thus view the density matrix as a classical (joint) probability distribution at all times[3].
Hence, one also can consider bath as classical diagonal noise.

The many-body localization (MBL) transition, strongly depends on the amplitude and
the class of disorder pattern of the on-site potential as well as the amplitude of noise
and the hoping terms. Gopalakrishnan et.al, [4] speculated that in the limit of Marko-
vian noise there is no intermediate anomalous diffusive regime and the anomalous
regime that they found was assumed as a special property of systems coupled to non-
Markovian systems. Here we want to point that, this intermediate anomalous regime
had already been found in Markovian systems [2] and its not necessary for the on-site
energies to be drawn from a Gaussian distribution; It could be quasi-periodic, chaotic
binary sequences or even ordered. Here, we elaborate more on our previous findings
and how they relate to MBL[5].

The System

Here, we look into similar system of non-interacting fermions in one dimension, sub-
ject to a static disorder on-site energies and pure dephasing white-noise[6],

H=—-J Z C;[Cj + €; C;-LCZ' (1)
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where J = 1 represents the tunneling matrix elements, where i = j + 1 and c;.L (c;) is
the particle creation (annihilation) operator on lattice site i. The on-site energies ¢; are
drawn from a uniform distribution over [1, 3). Through utilizing the density matrix p(¢),
one can determine the time evolution of an open system by the Lindblad equation:
1 1
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whereI'; = v is our noise operator with amplitude v € {0.01,0.02,0.04, 0.08, 1.0, 1.5}.
Since the diagonal terms (4;;) and the noise terms (Fj) are not the dominating energy
scales, the coherences become the critical parameters of our problem and there is no
way to eliminate them adiabatically. Therefore, it is not possible to map the quantum
evolution to classical rate equations and one could not generalize the results from
the systems deep in the localized state to the current system.

We utilize the variance of the wave packet to account for it’s spreading

0’ = nnl (3)

where n is the lattice site index and 1, is the normalized time-evolving wave packet.
We use numerical calculation[7][8][2][10][11] for solving the corresponding Lindblad
equation for a particle localized in the center of a system of 400 sites.
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The Spreading of the Wavepacket
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Figure 1. Time dependency of the spread o2 ~ t” of an initially localized wave-packet for systems of
size L = 400 for different noise amplitudes. The results draw from 20 different disorder realizations.

As it can be seen in Fig. 1 and Fig. 2, we use different number of time steps for dif-
ferent noise values. For v = 1.0 and 1.5, as the noise amplitude is large, the diffusion
power reaches its stable value (3 = 1) after around 100 steps, and at around the step
104, 3 starts to decrease until it gets zero, due to the finite size effect. One can see
immediately that for v = 1.0 and v = 1.5, the diffusion power’s stable value corre-
spond to the diffusive regime and there is no anomalous sub-diffusion in between
the ballistic regime and the diffusive one, which is in agreement with the theoretical
finding of Ref[3]. By decreasing the noise amplitude, the diffusion power 5 reaches its
stable value at later steps and the coherence elements of the density matrix become
more important. For the noise amplitude v = 0.01, due to computational limitation,
we could not reach the step at which the diffusion power become stable (if exists).

In our Markovian system for some noise amplitudes, there is no crossover to diffusion;
Fig. 2.
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Figure 2. Time dependency of the power 3 of wave-packet variance ¢% ~ ¢’ of an initially localized
wave packet for the same systems as Fig. 1.
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As we can see in the figure in a Markovian system, an anomalous sub-diffusive
regime could exist after the ballistic regime, and when the noise amplitude is low
enough (y € {0.02,0.04,0.08}), sometimes there is no crossover to diffusion.

Future Direction and the Final Remarks

This problem not only can contribute to the physical difficulties in implementation of
guantum computer, especially using plasmons. We need more insight on MBL phases
there. This type of systems can be used to design quantum system co responding to
nonlinear ODEs, which would be easier than the real quantum computer. Moreover
there is already possible suitable practical implementable chances in lon traps, etc.
Other interesting direction is looking at the conduction in such system and the co-
herent dynamics in these systems.
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