Supplemental Material: Disorder-robust entanglement transport

Clemens Gneiting,! Daniel Leykam,? and Franco Nori''3

! Theoretical Quantum Physics Laboratory, RIKEN Cluster for Pioneering Research, Wako-shi, Saitama 851-0198, Japan
2Center for Theoretical Physics of Complex Systems,
Institute for Basic Science (IBS), Daejeon 34126, Republic of Korea
3 Department of Physics, University of Michigan, Ann Arbor, Michigan 48109-1040, USA

In this Supplemental Material we provide details of our numerical simulation of the Haldane model, which gives
an independent validation of our analytical results. Similar to the calculations presented in the main text, we use a
first quantization approach which encompasses either distinguishable or indistinguishable particles, depending on the
choice of initial state. In the Haldane model, the time evolution of a single particle wavefunction ¥, = (Gpm, bpm)
is governed by the Schrédinger equation
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where (n,m) index the unit cells of the lattice, a honeycomb lattice formed by two sublattices (a,b), ¢; is the nearest
neighbor hopping strength, to is the next-nearest neighbor hopping strength, signs of the fluxes ¢, ,,v = +¢ alternate

between adjacent next-nearest neighbors, and wﬁ% describes uncorrelated on-site disorder uniformly distributed in
the width [-W/2,W/2]. Fourier transforming yields the Bloch Hamiltonian,

H(k) =2ty COSQSZ cos(k - a;)og + t1 Z[cos(k: -01)0, +sin(k - 8;)oy] — 26, Singszin(k - a;)0s, (S2)

where the lattice vectors are a2 3, 01 2,3 are displacements between neighboring lattice sites, and o; are Pauli matrices.
The gap size is 6v/3ty sin ¢ with band extrema 6ty cos ¢ & 3t;.
The evolution of a two (non-interacting) particle state | W) = > s 4, | 21)® | 22) is governed by the

symmetric Hamiltonian ﬁtot =H®l+1®H. In this case, the Schrodinger equation reads

00| W) = Y Yoy (H | 21)® | 22)+ | 21) © H | 22)). (S3)
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The evolution equation for the wavefunction is obtained by multiplying both sides by (ry | ®{(rs |,

iatwrl,rz = Z(wI,TQ <7"1 ‘ I;[ | .’E> + ¢r1,1<7“2 | -H ‘ 1’)) = Z(wz,TQHrl,x + 'wrl,a:Hrg,x); (84)
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which is equivalent to the matrix equation
i = Hy + (HY)", (S5)
thus the solution is
(1) = e (0 (56)

We solve Eq. for 100 different realizations of the disorder and construct the disorder-averaged density matrix as

p(t) = Zjﬂﬂ | 1¥i()) {1 (t) |, from which we obtain the correlation functions plotted in Fig. 5 of the main text.



