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I n two-level emitters with spacing d ;
I structured 1D photon continuum with ω(k) =

√
k2 + m2.

H = H0 + Hint,


H0 = ε

n∑
j=1

|ej〉 〈ej |+
∫

dk ω(k)b†(k)b(k)

Hint =
n∑

j=1

∫
dk
[
F (k) ei(j−1)kd |ej〉 〈gj |b(k) + h.c.

]
with [b(k),b†(k ′)] = δ(k − k ′) and form factor F (k) =

√
γ

2πω(k) .
← coupling

constant

One excitation sector:

|Ψ〉 =
n∑

j=1

aj |E (n)
j 〉 ⊗ |vac〉

+ |G(n)〉⊗
∫

dk ξ(k)b†(k) |vac〉 =


a1
a2
...

an
|ξ〉


with |E (n)

j 〉 = 1 2 j n
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Inverse propagator: G−1(z) = (z−ε)1−Σ(z)

G−1(z) = (z−ε)1−Σ(z) ←− Self-energy matrix

Bound states

Eigenstates components
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excitation
amplitudes
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New lowest-energy BIC

The energy of the emerged
state for n = 4 is shifted with
respect to the resonant values,
slighlty smaller than E1(d).
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UnΣn(ϕ)U†n = Σ+
bn/2c(ϕ)⊕Σ

−
dn/2e(ϕ)

with Un given by Toeplitz-Hankel
eigenvectors central symmetry
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Σ̃dn/2e(b) = bΣdn/2e(ϕ)−n i u⊗uT ã(j)with eigenvectors

Σdn/2e(ϕ) = ΞΛΞT =⇒ Σ̃dn/2e(b) = Ξ
(

bΛ− n i z⊗ zT
)
ΞT = Ξ̃ Λ̃ Ξ̃T
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Determinant factorization: n = 2h + 1
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G−1(E) = − iγ√
E2 −m2

An(E), detA−h (E) = Uh(E)

n = 7
I the eigenstate is composed of two trimers

detA−7 (E) ∝ detA−3 (E)

n = 9
I tetramerized system

detA−9 (E) = detA−4 (E) detA+
4 (E)

G−1(E) = − iγ√
E2 −m2

An(E), detA−h (E) = Uh(E) ←Chebyshev polynomial
of the second kind
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During the third year I attended the following conferences:
I ”Problemi Attuali di Fisica Teorica”, Vietri sul mare;

I ”The 51st Symposium on Mathematical Physics”, Torun (Poland), with
poster ”Bound states in the continuum for an array of quantum emitters”;

I ”Italian Quantum Information Science conference”, Milano, with poster
”Correlated photon emission by two excited atoms in a waveguide”.
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