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Critical Quantum Sensing
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Review: Quantum Metrology and Sensing with Many-Body Systems
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Master equation
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- R. Di Candia*, F. Minganti*, K.V.Petrovnin, G.S. Paraoanu, and S. Felicetti, npj Quantum Information 9,23 (2023).
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Output photon flux
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Experimental observation

Observation of critical steady-state properties
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(rescaled)

Husimi Q-function
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Experimental observation

Observation of critical steady-state properties
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Observation of critical steady-state properties
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Experimental observation

Squeezing at the 2nd-order PT

Dynamical
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Observation of critically enhanced sensing precision
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Estimation
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Experimental observation

Observation of critically enhanced sensing precision

1

(a)
=
%,
/} 0.5
zu:“
<«
~———
0
(b) 50 . "
N
<
E 1
= 25F i
N
() et e Y l . !
-0.35 5. -0.25 -0.15
2m
6 /2m [MHz]

Detuning

13
a L )
® 1.0 ® 266 3.77
® 1.4 3.22 © 4.26
k¢ 1.99 J
10,,(7)|”
P An?

Parametric
pump

Receiver Qubit
REES



Experimental observation

Output

photon flux — -0

Estimation
precision

e
<
~———
0
(b) 50 2 ! '

Observation of critically enhanced sensing precision

(a) 1

=
.S,

|

{

I
z w%v«
P, o I

() s I

-0.35 25_ -0.25 -0.15
0 /2w [MHz]
Detuning

[ L )
® 1.0 ® 266 3.77
® 1.44 3.22 © 4.26
k¢ 1.99 J
Ay (2
p _ 10u(0)
v An?
(c) 60 -
d/2m [MHz|
5 o fme A 023 © -0.13/(
lN 40_ /
T A
= qu’g
R ,\\)
2 on L P
& 20 Q’@?ﬁ *®
L
L
] | ] | |
0 5 10 15
L2

Scaling parameter

14



Experimental observation

PRX QUANTUM 6, 020301 (2025)

Criticality-Enhanced Quantum Sensing with a Parametric Superconducting

Resonator

Guillaume Beaulieu®,!>" Fabrizio Minganti®,%*¥ Simone Frasca®,'?> Marco Scigliuzzo®,>*
Simone Felicetti®,> Roberto Di Candia®,”® and Pasquale Scarlino® !

Take-home message:

~

—

Experimental demonstration of
quadratic scaling

~

_J

(c)

735788 [MHZ_Q]

60

40

0 /2m [MHZ]

dmas A 023 © -0.13/

Q /
%XQ"
AV
Pl
Q%v‘o
'S
'S
| ] | ] |
5) 10 15

L2

Scaling parameter

15



Fundamental resources

S —

P

Initial State

10
Optimal scaling with time and energy
Passive strategies Critical quantum sensing

Final State Measurement Initial State Final State Measurement]

p p Pt ple,w,I't)

- | Lo — D + -5 - D

... N S oa(€e,w, ', t)
| x Jl(e,w,F,t) 2\¢, W, L,

- U Alushi,W Goérecki, S Felicetti, R Di Candia, Physical Review Letters |33 (4), 040801(2024)
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Passive strategies
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Optimal scaling with number of resonators
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