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

√
k2 + m2.

A possible implementation of noise-free memory in processors:

REGISTER
QUANTUM read

write
1|e〉 0|g〉 1|e〉 1|e〉 Hybrid quantum

computing

A generic dispersion relation is conditioned by:
im

-im

Im(ζ )

Re(ζ )ω(k) = ω(−k) with complex extension for ζ = k + iy
analytic in a strip of the complex plane R× (−m,m)
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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〉 =
(
|a〉
|ξ〉

)
=


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) ←− Self-energy matrix

G−1(E)|a〉 = 0

Resonance
eigenvalues

Eν(d) =
√

ν2π2

d2 + m2

n = 3: Eigenvalues Eigenstates components
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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

n = 2h + 1

Σ−h (ϕ) =


2ϕ 1
1 2ϕ 1

. . . . . . . . .
1 2ϕ 1

1 2ϕ


Dirichlet-Dirichlet boundary:a0 = ah+1 = 0

λj = − 4 sin2
(

jπ
2(h + 1)

)
a(j)
` =

√
2

h + 1
sin

(
jπ

h + 1
`

)

n = 2h

Σ±h (ϕ) =


2ϕ 1
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. . . . . . . . .
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1 2ϕ± 1


Dirichlet-(anti)Neumann boundary: a0 = 0,

ah = ±ah+1

λj = ∓ 4 sin2
(
(j − 1/2)π

2h + 1

)
a(j)
` =

√
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h + 1
2
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((
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Σ̃dn/2e(b) = bΣdn/2e(ϕ)−n i |u〉 〈u| |ã(j)〉with eigenvectors

Σdn/2e(ϕ) = ΞΛΞT =⇒ Σ̃dn/2e(b) = Ξ (bΛ− n i |z〉 〈z|)ΞT = Ξ̃ Λ̃ Ξ̃T
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G−1(E) = − iγ√
E2 −m2

An(E), detA−h (E) = Uh(E)

n = 7

n = 9

G−1(E) = − iγ√
E2 −m2

An(E), detA−h (E) = Uh(E)

↑
Chebyshev polynomial

of the second kindh = 2p + 1 : detA−h (E) = Uh(E)

= 2Tdh/2e(E)Ubh/2c(E)

h = 2p + 1 : detA−h (E) = Uh(E)

= 2 Tdh/2e(E)Ubh/2c(E)Irriducible factor: Chebyshev
polynomial of the first kind −→

Property: 2TnUl = Ul+n + Ul−m

h = 2p : detA−h (E) = Uh(E) = U2
h
2
(E)− U2

h
2−1(E)

=
(

U h
2
(E) + U h

2−1(E)
)(

U h
2
(E)− U h

2−1(E)
)

Property: UnUl =
∑l

k=0 Un−l+2k
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I Fermi’s golden rule: |Ψ(0)〉 =
(
|a(j)〉
|ξ〉

)
−→ |Ψ(t)〉 ?

I High-energy eigenstates pair:

I Multimode Waveguide QED: implementation of qubit
arrays coupled with more than a single mode.

Domenico Pomarico BICs in one-dimensional qubit arrays

(
Ξ

Ξ̃

)(
G 0
0 G̃

)(
ΞT Ξ̃T

)
= diag

{ 1
E − ε−∆a(j) + i

2Γa(j)

}
j


Breit-Wigner expansion: Γa(j)(ε) = 2πκa(j)(ε)

Γa(j)(ε) = 2π κa(j)(ε) ← spectral density

Experimental study of dark states, with the aim of implementig a
noise-free memory able to represent a quantum register;
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n = 3 n = 4 k nearest-neighbors study
for a high qubits number;
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