
where # indicates the excited qubit level and " the ground state. Eigenenergies are

given by

E±,n = (n+ 1)~!r ±
~
2

q
4g201(n+ 1) +�2 (51)

where the detuning � = !01 � !r and

✓n =
1

2
tan�1

✓
2g01

p
n+ 1

�

◆
(52)

For large detuning g01/�⌧1 we have the dispersive spectrum for the one exci-

tation case n = 0

|�, 0i ⇠ �(g01/�)| #, 0i+ | ", 1i (53)

|+, 0i ⇠ | #, 0i+ (g01/�)| ", 1i

For k and � the cavity and qubit decay rates, respectively, the decay rates of

the coupled system are: [LB: da dove sbucano queste equazioni?]

��,0 =
⇣
g01

�

⌘2

� + k (54)

�+,0 = � +
⇣
g01

�

⌘2

k

To second order in g01 the hamiltonian in the dispersive case is:

H = ~

!r +

g
2
01

�
�
z

�
b
†
b+

~
2


!01 +

g
2
01

�

�
�
z (55)

where we see the dispersive shift of the cavity frequency by g201
� �

z depending on the

qubit state.

The above equation is obtained ignoring non-computational energy levels.

Keeping them into account, from second order perturbation theory [ 4]:

H = ~ [!0
r + ��

z] b†b+
~
2
!
0
01�

z (56)

where !
0
r and !

0
01 are the frequencies renormalized by the interaction terms, and

� = �01 � �12/2 (57)

and

�ij =
g
2
ij

!ij � !r
(58)

and !ij = !j � !i.
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Qubit-Cavity interaction in the dispersive regime

|0⟩ + |1⟩ → eiδt |0⟩ + e−iδt |1⟩

￼  diverso se passa o meno il fotoneδ

Problema di binary channel discrimination: capire se abbiamo  ￼  oppure  ￼   con ￼  𝒰δ1
𝒰δ2

𝒰δ[ρ] = e−iδtσZρeiδtσZ

Approccio metrology: applico ￼  allo stato GHZ.                           ￼ 

• Fase amplificata di un fattore N

• Standard quantum limit vs Heisenberg scaling ￼ 

• Differenza: non dobbiamo stimare ￼  ma capire quale tra i due possibili valori ￼  o ￼  ha assunto


𝒰⊗N
δ eiNδt |00⋯0⟩ + e−iNδt |11⋯1⟩

δ1 − δ2 ≃ 1/N ≃ χt
δ δ1 δ2

Approccio quantum radar:
 Problema decisionale binario


Stati entangled migliorano la capacita’ di

Classificare la presenza/assenza del target


Leonardo Banchi (UniFI / Theory): PNRR PE4 (spoke 1) PE14 (spoke 8), QubIT, SQMS

Detector design:  
• N qubit, lettura indipendente

• N qubit, singola guida di lettura 


