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SUPPLEMENTAL MATERIAL

Femtosecond laser waveguide writing

Waveguides are fabricated in Eagle2000 (Corning)
glass substrate. Pulses of 220 nJ energy and ∼ 300 fs du-
ration, at 1 MHz repetition rate, from a Yb:KYW cavity
dumped oscillator (λ = 1030 nm) have been employed,
focused by a 0.6 NA microscope objective. Translation
speed is varied depending on the desired propagation con-
stant. In particular, in order to provide the different val-
ues of ε2 in the experiment of Fig. 3b of the Main Text, it
was varied between 37 mm/s and 56 mm/s. A speed gra-
dient was also employed in fabricating the vertical array,
in order to compensate for the effect of spherical aberra-
tion at different depths and obtain, as a result, uniform
propagation constants. The distance between waveguide
|1〉 or |2〉 and the first waveguide of the array is 12 µm,
the distance between adjacent waveguides of the verti-
cal array is 10 µm. The shallower waveguides are buried
170 µm below the sample surface.

Survival probability and particle statistics

We consider the system represented in Fig. 1 of the
Main Text, whose evolution is described by

i
da†1,2
dz

= ε1,2a
†
1,2 + κ1,2a

†
3

i
da†3
dz

= κ1a
†
1 + κ2a

†
2 + κa†4

i
da†j
dz

= κa†j−1 + κa†j+1 j ≥ 4 (S-1)

and an initial states with two particles, one in |1〉 and
one in |2〉 respectively. Then:

|Ψ(0)〉 = a†1(0)a†2(0)|0〉 (S-2)

and, from the definition of survival probability

PS(z) = |〈Ψ(0)|Ψ(z)〉|2 (S-3)

one has:

PS(z) = |〈0|a2(0)a1(0)a†1(z)a†2(z)|0〉|2 (S-4)

By solving the system (S-1) for a given z, one can calcu-
late the elements of the scattering matrix S(z) = Sn,j(z)
so that

a†j(z) =

∞∑
n=1

Sn,j(z)a
†
j (S-5)

Then, depending on the bosonic or fermionic commuta-
tion relations of the a†j operators, one finds:

PS,bos(z) = |S1,1S2,2 + S1,2S2,1|2 = |perm S(t)|2 (S-6)

for bosonic particles, or

PS,ferm(z) = |S1,1S2,2 − S1,2S2,1|2 = |det S(t)|2 (S-7)

for fermions. On the other hand, for distinguishable par-
ticles one has:

PS,clas(z) = |S1,1S2,2|2 + |S1,2S2,1|2 . (S-8)

Considering now more specifically our optical experi-
mental system, if we inject two identically polarised pho-
tons (an initial state that can be described by Eq. (S-2)),
we are naturally dealing with the quantity given by Eq.
(S-6), given the bosonic statistics of photons.

However, if we inject a polarisation entangled antisym-
metric state:

|Ψ(0)〉 =
1√
2

(
a†1,Ha

†
2,V − a

†
1,V a

†
2,H

)
|0〉 (S-9)

the evolved state at a coordinate z becomes:

|Ψ(z)〉 =
1√
2

[
(S1,1S1,2 − S1,1S1,2) a†1,Ha

†
1,V

+ (S1,1S2,2 − S2,1S1,2) a†1,Ha
†
2,V

+ (S2,1S1,2 − S1,1S2,2) a†2,Ha
†
1,V

+ (S2,1S2,2 − S2,1S2,2) a†2,Ha
†
2,V

+ ...] |0〉 (S-10)

where we have assumed a polarisation independent scat-
tering matrix S and where the dots indicate terms con-
taining creation operators a†j,H/V with j ≥ 3 . Then,

if the survival probability (S-3) is calculated by using
the expressions (S-9) and (S-10), one finds that PS has
exactly the form of (S-7) and a fermionic behavior is sim-
ulated.
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FIG. 1. (Color online) Numerically-computed behavior of (a)
the survival probability PS , and (b) the corresponding ef-
fective decay rate σeff versus the detuning ε2 − ε1 after a
propagation distance z = 20 mm. Thick solid curves: bosons;
thin solid curves: fermions; dashed curves: distinguishable
particles. The two arrows show the values of the detuning
corresponding to perfect destructive interference (Fano anti-
resonance) (ε2 = ε1) and to maximally constructive interfer-
ence of the decay channels (ε2 − ε1 ' 0.255 mm−1). Param-
eter values are: κ = 0.54 mm−1, κ1 = κ2 = 0.2 mm−1, and
ε1 = 0.5 mm−1.

Survival probability, bound states in the continuum
and Fano line shapes

The elements Sn,j(z) (n, j = 1, 2) of the scattering
matrix S that determine the evolution of the survival
probabilities [Eqs.(S-6,S-7,S-8)] should be rather gener-
ally computed by a numerical analysis of coupled-mode
equations that govern light transport in the waveguide
array. In the weak coupling limit κ1, κ2 � κ the marko-
vian approximation can be employed and one can write
S = exp(Mz), where the elements of the 2 × 2 matrix
M can be expressed in terms of integrals of the memory
functions (for technical details see [1, 2]). Indicating by
λ1,2 the eigenvalues of M, with Re(λ1,2) ≤ 0, it then
follows that the elements of S are bi-exponential decay-
ing functions, containing terms decaying like exp(λ1,2t).
Correspondingly, the survival probabilities PS,bos(z) and
PS,clas(z) for bosons and distinguishable particles show
a multi-exponential decay. However, the survival prob-

ability PS,ferm(z) for fermionic particles shows a single
exponential decay. This result readily follows from the
fact that PS,ferm(z) = |det S|2 = exp[2Re(λ1 + λ2)z].
As the detuning ε2 − ε1 is varied around zero, the eigen-
values λ1,2 undergo a rapid change, which results in a
corresponding rapid variation of the survival probabili-
ties [1]. In the experiment, this change can be detected
by measuring the survival probability at a fixed (possi-
bly large) propagation distance z as the detuning ε2− ε1
is swept around zero; see Fig.3(c) in the main text. In
particular, at ε2 = ε1 one of the two eigenvalues, say λ1,
has a vanishing real part, which is the signature of the
appearance of a BIC. As a result, at ε2 = ε1 the elements
of the scattering matrix S show a fractional decay, and
correspondingly the survival probabilities PS,bos, PS,clas

for bosons and distinguishable particles show a resonance
peak; see Fig.1(a). However, for fermions fractional de-
cay is not observed, since the decay is single exponen-
tial with a decay rate 2Re(λ1 + λ2) < 0: in this case
the resonance peak is absent. Physically, complete de-
cay in the fermionic case arises because the single BIC
state of the dressed Hamiltonian can not be occupied by
the two fermions (Pauli’s exclusion principle), while frac-
tional decay for bosons is possible because the BIC state
can accommodate both bosons. The BIC state arises be-
cause of a destructive Fano-like interference of the decay
channels of the two discrete levels in the common con-
tinuum. The Fano line shape associated to the decay
process, with the appearance of a Fano anti-resonance at
ε1 = ε2 due to the BIC state, can be at best visualized
by plotting the behavior of the effective decay rate σeff
versus the detuning ε2 − ε1, where σeff is defined by

σeff =
1

z
log

(
1

PS

)
(S-11)

as z →∞. The numerically-computed behavior of the ef-
fective decay rate, for parameter values that apply to our
experimental conditions, is shown in Fig.1(b). Note that,
for bosons and for distinguishable particles, σeff shows
a characteristic hole (so-called Fano anti-resonance) cen-
tered at ε2 = ε1 of width ' 2κ1 = 2κ2, and a sharp
resonance peak in the ε2 − ε1 > 0 region, corresponding
to an enhancement of the decay (see the arrows in the
figure). The Fano anti-resonance hole arises because of
destructive interference of the two decay channels in the
common continuum, whereas the sharp resonance peak
corresponds to a maximally constructive interference of
the decay channels, resulting in an enhanced decay. Such
features are clearly absent for fermions, where σeff is
almost featureless near ε2 = ε1. Far from ε2 = ε1, the
effective decay rate σeff shows a similar behavior regard-
less of the particle statistics. In particular, the decrease
of σeff as ε2 − ε1 is increased above zero is due to ap-
proaching of the edge of the continuum, where the decay
shows a characteristic slowing down [3].
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