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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 Ψnm = (anm, bnm)
is governed by the Schrödinger equation

i∂tanm = ω(a)
nmanm + t1

∑
n.n

bn′m′ + t2
∑
n.n.n

an′m′eiφn′m′ , (S1a)

i∂tbnm = ω(b)
nmbnm + t1

∑
n.n

an′m′ + t2
∑
n.n.n

bn′m′e−iφn′m′ , (S1b)

where (n,m) index the unit cells of the lattice, a honeycomb lattice formed by two sublattices (a, b), t1 is the nearest
neighbor hopping strength, t2 is the next-nearest neighbor hopping strength, signs of the fluxes φn′m′ = ±φ alternate

between adjacent next-nearest neighbors, and ω
(j)
mn describes uncorrelated on-site disorder uniformly distributed in

the width [−W/2,W/2]. Fourier transforming yields the Bloch Hamiltonian,

H(k) = 2t2 cosφ
∑
i

cos(k · ai)σ0 + t1
∑
i

[cos(k · δ1)σx + sin(k · δi)σy]− 2t1 sinφ
∑
i

sin(k · aj)σz, (S2)

where the lattice vectors are a1,2,3, δ1,2,3 are displacements between neighboring lattice sites, and σj are Pauli matrices.
The gap size is 6

√
3t2 sinφ with band extrema 6t2 cosφ± 3t1.

The evolution of a two (non-interacting) particle state | Ψ〉 =
∑

x1,x2
ψx1,x2

| x1〉⊗ | x2〉 is governed by the

symmetric Hamiltonian Ĥtot = Ĥ ⊗ 1̂ + 1̂⊗ Ĥ. In this case, the Schrödinger equation reads

i∂t | Ψ〉 =
∑
x1,x2

ψx1,x2
(Ĥ | x1〉⊗ | x2〉+ | x1〉 ⊗ Ĥ | x2〉). (S3)

The evolution equation for the wavefunction is obtained by multiplying both sides by 〈r1 | ⊗〈r2 |,

i∂tψr1,r2 =
∑
x

(ψx,r2〈r1 | Ĥ | x〉+ ψr1,x〈r2 | Ĥ | x〉) =
∑
x

(ψx,r2Hr1,x + ψr1,xHr2,x), (S4)

which is equivalent to the matrix equation

i∂tψ = Hψ + (Hψ)T , (S5)

thus the solution is

ψ(t) = e−itHψ(0)e−itHT

. (S6)

We solve Eq. (S6) for 100 different realizations of the disorder and construct the disorder-averaged density matrix as

ρ̄(t) =
∑100

i=1 | ψi(t)〉〈ψi(t) |, from which we obtain the correlation functions plotted in Fig. 5 of the main text.


