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Critical quantum sensing (CQS) is by now a 
well-established approach, based on 
quantum properties spontaneously 
developed in proximity of phase transitions. 
Theoretical studies and first experimental 
demonstrations show that a quantum-
enhanced sensing precision can be 
achieved by exploiting phase transitions in 
many-body systems. It has been recently 
shown that CQS protocols can also be 
implemented using driven-dissipative phase 
transitions, where the thermodynamic limit is 
replaced with a rescaling of the system 
parameters. This class of phase transitions 
can emerge in small-scale systems, such as 
quantum resonators with atomic or Kerr-like 
nonlinearities, and it is of high theoretical 
and experimental relevance. 
 
Here, we discuss how optimal [1] CQS 
protocols can be implemented using a 
critical parametric resonator, without the 
need to implement and control complex 
many-body systems. We then show that a 
collective quantum advantage can be 
achieved in a multipartite CQS protocol 
using a chain of parametrical critical 
resonators [2]. Finally, we report on the 
experimental implementation [3,4] of a 
driven-dissipative CQS protocol with a 
superconducting quantum resonator, with 
direct applications in magnetometry and 
superconducting-qubit readout. 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Figure 1: (a) Microwave Kerr resonator driven by 
a two-photon pump. The resonator is operated 
as a critical quantum sensor to estimate 
frequency shifts potentially induced by SQUIDS, 
mechanical resonators or other quantum 
devices. (b) Time traces of the intensity of the 
field emitted at the device output. (c) From 
these time traces, the photon number at the 
steady state (blue curve) and the correspond 
ing precision of the estimation of frequency (red 
curve) are calculated. The maximal precision is 
achieved near the critical point of the second-
order dissipative finite-component phase 
transition. Figure adapted from Ref. [3].  
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Superconducting quantum interference devices (SQUIDs)
are used as highly sensitive magnetic field sensors; qubits
are employed to determine the amplitude of microwave
signals at cryogenic temperatures through spectroscopy
measurements [23,24]; and complex junction-based archi-
tectures have been proposed as magnetic-flux sensors to
probe magnetic structures [25,26], detect axions, and con-
duct dark-matter research [27]. Despite theoretical pro-
posals and some experimental evidence of quantum phase
transitions in superconducting devices [28,29], quantum-
enhanced critical-sensing protocols have yet to be imple-
mented in superconducting circuits. A main challenge,
both in superconducting and other experimental architec-
tures, remains the presence of classical noise and decoher-
ence [30,31], making it challenging to scale up these sys-
tems while maintaining the low dissipation rates necessary
for observing quantum phase transitions.

Recent theoretical proposals have shown that critical-
sensing protocols can also be based on finite-component
quantum phase transitions [32–38]. Here, the “standard”
thermodynamic limit (diverging number of atoms) is
replaced by a rescaling of the system parameters (diverging
number of excitations). Finite-component phase transitions
provide a tractable framework for theoretically assessing
the properties of critical sensors [39–50] and offer a means
to implement them with small-scale controllable devices
[51–57].

Phase transitions [58–62] and their finite-component
counterparts [63–66] can also occur in driven-dissipative
settings [67,68], where the steady state of the sys-
tem, rather than the ground state, undergoes a nonan-
alytical change. In particular, the parametrically (two-
photon) driven-dissipative Kerr resonator exhibits first-
and second-order finite-component dissipative phase tran-
sitions (DPTs) [64,69], both of which can be explored
within a single parametrically pumped resonator [70,71].
This type of resonator plays a key role in superconduct-
ing quantum technology, such as in Josephson parametric
amplifiers [72] and cat qubits [71,73,74], both of which
are build on systems almost identical to the one considered
here. Recent predictions have suggested that criticality in
the Kerr parametric oscillator could be used to implement
optimal critical-sensing protocols [15,50,75–78], even in
the presence of dissipation. For example, a supercon-
ducting resonator operated near a first-order parametric
criticality has been used in microwave photodetection [79].
Furthermore, metrological experiments are often limited
by a critical photon (or phonon) number—i.e., a maximal
number of excitations that can be present in the sensor
before unwanted effects emerge. As a result, maximizing
the amount of information extracted per photon becomes
pivotal in such experiments, with a key example being the
dispersive readout of a superconducting qubit [80].

In this paper, we demonstrate optimal precision scal-
ing with a finite-component critical quantum sensor at
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FIG. 1. A sketch of the frequency-estimation protocol. (a) A
microwave resonator with Kerr nonlinearity U is driven by a
parametric (i.e., two-photon) pump G. The frequency of the cav-
ity, and consequently the cavity-to-pump detuning δ, changes
when the (effective) cavity length is modified. This system is
described by Eqs. (1) and (2). Such frequency tunability can be
implemented, e.g., using superconducting quantum interference
devices (SQUIDs) for magnetometry, optomechanical devices
for force sensing, and rf resonators longitudinally coupled for
megahertz-signal detection. (b) The cavity field escapes through
photon loss at a rate κ and is collected over time by a measure-
ment apparatus, allowing for the reconstruction of the photon
number in the cavity

〈
n̂δ,t
〉
. (c) From these time traces, the photon

number at the steady state
〈
n̂δ,ss

〉
(blue curve) and the correspond-

ing precision of the estimation of frequency Pδ,ss (red curve) are
calculated. The maximal precision Pδmax,ss is achieved near the
critical point of the second-order dissipative finite-component
phase transition of the device.

the steady state. We implement a frequency-estimation
protocol with a two-photon driven nonlinear resonator
[Fig. 1(a)]. Various platforms could be used to realize such
a system; in our case, the cavity is implemented with a
superconducting resonator that is made both nonlinear and
frequency tunable by incorporating a SQUID. We assess
the metrological performance of the device by conduct-
ing time-resolved measurements of the emission from the
cavity [Fig. 1(b)] for various cavity-to-pump detunings.
From these measurements, we show that the optimal pre-
cision on the frequency estimation is obtained near the
critical point of the second-order driven-dissipative phase
transition [Fig. 1(c)]. Additionally, by rescaling the sys-
tem parameters, we demonstrate a quadratic scaling of the
estimation precision with respect to the effective system
size. We compare this result with the scaling of an opti-
mal classical benchmark, which we theoretically prove to
be at best linear with the system size. From a fundamental
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