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ABSTRACT

This document provides supplementary information to Advanced-Retarded Differential Equations in Quantum Photonic Systems.
In particular, we provide examples of the genuine physical situation developed in the manuscript each of them associated with
a given A.-R. equation, which show the versatility of our analog photonics simulator.

Non-Autonomous Equations
Consider the oscillatory time dependence of the propagation constant, β , for the single variable A-R equation, Eq. (1) in the
manuscript. We numerically simulate this system for a lattice of N = 6 waveguides, β = 1, κ =

√
7, ε = 1 and ω = 2, see Fig.

1. We have selected this non-autonomous advanced-retarded equation to show the existence resonant solutions, in which a high
amount of light gets trapped in the chip. Notice that although a high population is achieved in the stationary state the theoretical
error is still small.
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Figure 1. Supplementary Figure 1. Numerical Simulation of Eq. (1) with N = 6, β = 1, ε = 1, κ =
√

7, ω = 2. (a) Intensity
in the stationary state in the waveguides array. (b) Modulus square of the solution as a function of time. (c) Decimal Logarithm
of the error of the simulation with respect to the solution of the A-R equation.
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Systems of Equations
In Fig. 2 we show a numerical simulation of the array proposed to simulate systems of A-R equations given by Eq. (3). The
dynamical parameters are the following ones, N = 5, βx = 1, βy = 2, κx = 3, κy = 1, q = 1, d = 1 and τ = 1 for an initial state
|ψ(0)〉= |0〉. The theoretical error is smaller than 10−2 for the complete time evolution. We have selected this parameters to
show that highly asymmetric solutions are also possible for time independent equations even with the limitation induced by the
physical constrains in the coupling constants κ .
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Figure 2. Supplementary Figure 2. Numerical Simulation of Eq. (3) with N = 5, βx = 1, βy = 2, κx = 3, κy = 1, q = 1, d = 1,
τ = 1 for the initial state |ψ(0)〉= |0〉. (a) Waveguides intensity in the x plane corresponding to the first component of the
qubit. (b) Waveguides intensity in the y plane corresponding to the second component of the qubit. (c) Modulus square of the
quantum state as a function of time.

Multiple Delays
Eq. (6) in the manuscript describes the evolution of a system driven by two feedback and two forward terms. See Fig. 3 for a
numerical simulation of this equation with N = 5, β = 1, κ = 5 and τ = 1.

Simulated Time (t)
0 1 2 3 4 5

|x
(t)

|2

0

0.2

0.4

0.6

0.8

1

1.2

Simulated Time (t)
0 1 2 3 4 5

Lo
ga

rit
hm

 o
f t

he
 E

rro
r

-4.5

-4

-3.5

-3

-2.5

-2

-1.5a) b) c)

Figure 3. Supplementary Figure 3. Numerical simulation of Eq. (6) with N = 5, β = 1, κ = 5 and τ = 1. (a) Intensity in the
stationary state in the waveguides array. (b) Modulus square of the solution as a function of time. (c) Decimal Logarithm of the
error of the simulation with respect to the solution of the A-R equation.
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