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We demonstrate a transmon qubit readout based on the nonlinear response to a drive of polaritonic
meters in-situ coupled to the qubit. Inside a 3D readout cavity, we place a transmon molecule
consisting of a transmon qubit and an ancilla mode interacting via non-perturbative cross-Kerr
coupling. The cavity couples strongly only to the ancilla mode, leading to hybridized lower and
upper polaritonic meters. Both polaritons are anharmonic and dissipative, as they inherit a self-
Kerr nonlinearity U from the ancilla and effective decay κ from the open cavity. Via the ancilla, the
polariton meters also inherit the non-perturbative cross-Kerr coupling to the qubit. This results in
a high qubit-dependent displacement 2χ > κ, U that can be read out via the cavity without causing
Purcell decay. Moreover, the polariton meters, being nonlinear resonators, present bistability, and
bifurcation behavior when the probing power increases. In this work, we focus on the bifurcation
at low power in the few-photon regime, called the mesoscopic regime, which is accessible when the
self-Kerr and decay rates of the polariton meter are similar U ∼ κ. Capitalizing on a latching
mechanism by bifurcation, the readout is sensitive to transmon qubit relaxation error only in the
first tens of nanoseconds. We thus report a single-shot fidelity of 98.6% while having an integration
time of a 500 ns and no requirement for an external quantum-limited amplifier.

I. INTRODUCTION

Qubit state readout is a mandatory step in quantum
information processing. For superconducting circuits,
the dispersive readout is the standard scheme [1, 2]. It
relies on the transverse interaction between an anhar-
monic mode, whose first two levels are used as a qubit,
and another mode, usually harmonic, used as a meter
[3, 4]. This transverse interaction couples the qubit po-
larization to the meter field quadrature and hybridizes
the qubit with the meter. In perturbation theory, the re-
sulting dispersive interaction (or perturbative cross-Kerr
coupling) corresponds in first order to an energy-energy
interaction where the qubit state shifts the meter fre-
quency and reciprocally, the number of photons in the
meter shifts the qubit frequency. When applying a coher-
ent pulse close to the meter frequency for a time smaller
than the relaxation time of the qubit T1, the qubit state
is inferred by distinguishing, in phase-space of the ac-
quired output field, the two pointer states of the meter
corresponding to the qubit excited or ground states. Us-
ing this dispersive readout, single-shot readout with high
fidelity is nowadays routinely achieved, notably thanks to
quantum-limited Josephson Parametric Amplifier (JPA)
[5]. However, the dispersive interaction contains intrinsic
limitations, due to the higher order corrections in pertur-
bation theory. The qubit states are slightly dressed by
the meter states, which leads to Purcell decay [6] and
prevents from an ideal quantum non-demolition (QND)
readout [7, 8]. In addition, unwanted effects for the
readout such as relaxation and excitation rate of the
qubit can increase with readout photon number n [9–
13]. To overcome these limitations, a non-perturbative

cross-Kerr coupling between the qubit and the meter has
been proposed [14, 15] and demonstrated thanks to the
property of a transmon molecule [16–19] achieving high
fidelity and QND single shot readout of a transmon qubit
[19]. This result was realized through a polariton meter
in its linear regime, whose signal was amplified through
an external JPA.

Alternatively to JPA, superconducting qubit readout
can also be performed using a Josephson Bifurcation Am-
plifier (JBA) [20–22]. The JBA is a nonlinear pumped
resonator such as the JPA, but it is pumped at different
working point, where it presents a nonlinear amplifica-
tion relationship between its input amplitude and output
amplitude, leading to two stable states of small and large
output amplitude for input signal below and above the bi-
furcation threshold, respectively. The information on the
qubit state is then encoded into those two output states.
In addition, the bifurcation presents hysteresys leading
to a latching readout. The JBA dynamics is controlled
by the detuning between the nonlinear resonator and the
pump, the resonator losses κ and its anharmonicity U .
A same-chip implementation allows a direct coupling be-
tween the qubit and the JBA, with an in-situ amplifying
bifurcation, greatly increasing the quantum detection ef-
ficiency [20, 22–27]. Here, we propose a readout based
on bifurcation amplification of the in-situ nonlinear po-
lariton meter.

Up to now, the bifurcation readout has been realized
in the weak anharmonicity limit U ≪ κ in which the
bistability regime is achieved when the photon number
n in the nonlinear resonator exceeds the critical number
Ncrit = κ/(3

√
3U) ≫ 1 [28, 29]. However, this large

photon number, needed to reach the bistability and thus
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bifurcation, exposes the qubit to excess backaction of the
nonlinear cavity [28–32] like inducing qubit state transi-
tions and thus rendering the readout not QND. Instead
of the usual classical regime of weak anharmonicity and
large photon number (U ≪ κ, Ncrit ≫ 1), the excess
backaction on the qubit could be weakened in the meso-
scopic regime (U ∼ κ, Ncrit ∼ 1) where bistability ap-
pears with photon number close to unity n ≳ Ncrit ∼ 1.
This little explored regime is in between the classical
regime and the quantum regime (U ≫ κ, Ncrit ≪ 1,
where the system behaves as an effective quantum few-
level-system) [33–35].

In this paper, we demonstrate a transmon qubit state
latching readout using an in-situ bifurcation of a polari-
ton resonator in the mesoscopic regime. The polaritons
are superpositions of the harmonic cavity mode and the
anharmonic ancillary mode of the transmon molecule.
They result from the strong coupling/hybridization be-
tween them. Both polariton modes inherit the nonlinear-
ity of the ancilla mode, so they effectively behave as two
nonlinear Kerr resonators exhibiting bistability [36–39].
By adjusting the ancilla frequency through an external
magnetic flux, we control the hybridization, and conse-
quently the anharmonicity and dissipation of each po-
lariton. In Section II, we discuss details of the transmon
molecule, the ancilla-cavity hybridization, the resulting
polariton modes and their tunability. Contrary to our
previous work [19] where we considered the linear regime
with n ≪ Ncrit and Ncrit ≫ 1, here we investigate the
nonlinear regime of the polaritons at large occupation
n ≳ Ncrit ∼ 1. The polaritons response to a strong drive
and its dependence on the qubit state are detailed in Sec-
tion III. The hysteretic bistability behavior of the non-
linear upper polaritonic meter is analyzed in Section IV.
Finally, in Section V, we take advantage of this bista-
bility to perform a latching readout of the qubit state
with a high single-shot fidelity and without any external
quantum-limited amplifier.

II. TUNING THE ANCILLA-CAVITY
HYBRIDIZATION

A. Transmon molecule in a cavity

We use the same sample as in Ref. [19]. It consists
of a 3D-cavity containing a transmon molecule which is
made by coupling inductively and capacitively two nom-
inally identical transmons [16, 19] (see Fig. 1a and Ap-
pendix A). The device has three modes of interest, the
harmonic TE101 mode ĉ of the rectangular 3D Copper
cavity with frequency ωc/2π = 7.169GHz, and the two
orthogonal modes of the transmon molecule (for more
details see Appendix B and Ref. [19]): (i) a qubit mode,
with parameters of standard transmons, protected from
interaction with the 3D cavity mode thanks to its sym-
metric profile, and (ii) an ancilla mode, with weak (∼
MHz) anharmonicity and strong interaction to the cav-

a) b)

c)

e)

d)

f)

FIG. 1. a) Scheme of the setup. The cavity mode ĉ of fre-
quency ωc is strongly coupled to an anharmonic ancilla mode
of frequency ωa and self-Kerr nonlinearity Ua. The ancilla is
also coupled to the qubit via a non-perturbative cross-Kerr
coupling of rate gzz. To perform readout, we send a coher-
ent signal on the input of the cavity mode ĉin and measure
the transmitted cavity output field ĉout. b) Representation of
the system in terms of cavity-ancilla polariton modes. Lower
and upper polariton modes have distinct frequencies ωl and
ωu, respectively, as well as different self-Kerr nonlinearities
Ul and Uu inherited from the ancilla. Both polaritons are
independently coupled to the qubit via cross-Kerr terms χl

and χu, which allows us to use these polariton modes as di-
rect meters of the qubit states. The readout can be extracted
from the same output field cout due to the polaritons leakage
rate κl and κu. c)-e) Measurements (dots) and predictions
(lines) for lower polariton j = l (orange) and upper polari-
ton j = u (purple) as function of the hybridization angle θ of
c) the non-perturbative qubit-polariton cross-Kerr χj , d) the
self-Kerr Ujj and inter-polariton cross-Kerr Uul (green), and
e) polariton decay rates κj . The predictions are calculated
from the polariton model in Eqs. (2) and (3) using initial pa-
rameters gzz, Ua and κc and κa and plotted as black lines in
c), d) and e), respectively. f) Normalized self-Kerr polariton
nonlinearity Ujj/κj versus normalized qubit-polariton cross-
Kerr coupling 2χj/κj for lower and upper polaritons. c-f)
The working points in the present work and in Ref. [19] are
marked by a purple and orange circle, respectively.
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ity gac due to its antisymmetric mode profile. Indeed,
the cavity electrical field is aligned with the field of the
ancilla mode while being orthogonal to the field of the
qubit mode.

The ancilla is approximated as a weakly nonlinear
mode â with frequency ωa tunable by magnetic flux and
self-Kerr rate Ua. Moreover, approximating the multi-
level transmon as a qubit σ̂z, the total system Hamilto-
nian including cavity, ancilla, and qubit reads,

Ĥ

ℏ
=

ωq

2
σ̂z + ωaâ

†â+ ωcĉ
†ĉ

− Ua

2
â†

2

â
2

− gzzσ̂zâ
†â+ gac(ĉ

†â+ â†ĉ). (1)

The qubit σ̂z with frequency ωq/2π = 6.283GHz and
coherence times T2, T1 ≃ 3µs is coupled to the ancilla
mode â via a non-perturbative cross-Kerr coupling with
rate gzz. The non-perturbative nature of this coupling
allows to maximize the speed, the single-shot fidelity, and
the QND properties of the readout, while minimizing the
effect of unwanted decay channels such as the Purcell
effect [19].

B. Ancilla-cavity hybridization leading to
polaritons

To use this coupling for reading out the state of the
qubit, we strongly hybridize the ancilla and the cav-
ity by setting their detuning ∆ac = ωa − ωc to values
comparable to or smaller than their transverse coupling
gac/2π = 295MHz. At this operation point, |∆ac| ≲ gac,
this hybridization leads to two new normal modes called
upper and lower polariton modes, ĉu and ĉl, for highest
and lowest in frequency, respectively. They are a lin-
ear combination of ancilla and cavity fields (see Fig. 1.a-
b). They are given by a rotation ĉu = cos(θ)â+ sin(θ)ĉ,
and ĉl = cos(θ)ĉ − sin(θ)â, where the cavity-ancilla hy-
bridization angle reads tan(2θ) = 2gac/∆ac. At reso-
nance (∆ac = 0, θ = π/4), the two modes are com-
pletely hybridized into equal symmetric and antisymmet-
ric superpositions while at large detuning (|∆ac| ≫ gac,
θ −→ 0), the two normal modes tend to approach the bare
ancilla and cavity modes.

In terms of these polariton modes and using the rotat-
ing wave approximation, the total Hamiltonian takes the
form

Ĥp

ℏ
=

ωq

2
σ̂z −

∑
j=u,l

χj ĉ
†
j ĉj σ̂z

+
∑
j=u,l

(ωj ĉ
†
j ĉj −

Ujj

2
ĉ†

2

j ĉ
2

j)− Uulĉ
†
l ĉlĉ

†
uĉu, (2)

where ωu = sin2(θ)ωc + cos2(θ)ωa + sin(2θ)gac and
ωl = cos2(θ)ωc + sin2(θ)ωa − sin(2θ)gac are the fre-
quencies of the upper and lower polariton modes, re-
spectively. Each polariton mode is in some proportion

cavity-like and therefore can be probed in transmission
and used for readout. Similarly, each polariton is also
ancilla-like and thus inherits nonlinearities from the an-
cilla, notably the non-perturbative cross-Kerr coupling
to the qubit. The corresponding interaction strengths
read χu = gzz cos

2(θ) and χl = gzz sin
2(θ), for the up-

per and lower polariton, respectively. Each polariton
also inherits an anharmonicity from the ancilla given
by Ull = sin4(θ)Ua and Uuu = cos4(θ)Ua. They also
acquire a cross-anharmonicity or cross-Kerr interaction
Uul = sin2(2θ)Ua/2, a coupling similar to the dispersive
interaction that still occurs even beyond the dispersive
regime [40]. Finally, the polaritons have effective decay
rates given by a combination of the bare ancilla κa and
cavity κc decay rates as (cf. Appendix C)

κu = κc sin
2(θ) + κa cos

2(θ),

κl = κc cos
2(θ) + κa sin

2(θ). (3)

C. Tuning hybridization

The ancilla can be tuned at discrete frequencies in-
dependently of the qubit and cavity. This is possible
because the transmon molecule possesses two supercon-
ducting loops of different sizes with a high area ratio of
26 (see Appendix A and B). Using one external coil, we
can thus tune with a step precision of Φ0/26 the flux de-
termining the ancilla frequency while the loop defining
the qubit frequency still experiences an integer value of
flux quantum Φ0. This allows to tune the hybridization
conditions and thus the different parameters in Eqs. 2
and 3. We extracted these parameters (see Figs. 1.c-f)
as function of the hybridization angle by measuring at
different flux points. The non-perturbative cross-Kerr
couplings χl and χu are well-fitted by a bare qubit-
ancilla cross-Kerr coupling gzz/2π = 34.5MHz (Fig. 1.c).
The polaritons self-Kerr and cross-Kerr couplings Ull,
Uuu, and Ulu are well fitted with the polariton model
with a bare ancilla anharmoncity Ua/2π = 13.5MHz
(Fig. 1.d). The polariton decay rates are only qualita-
tively fitted by the polariton model (Fig. 1.e) with bare
cavity and bare ancilla decay rates κc/2π = 12.7MHz
and κa/2π = 5.6MHz. Discrepancies may be explained
by the fact that the bare ancilla decay rate can vary with
its frequency due to the presence of other losses like fluc-
tuating two-level systems, or that there is residual par-
asitic transverse coupling between the ancilla and cavity
with the qubit (see Ref. [19]).

Thanks to the hybridization tunability, we can set
different regimes (Fig. 1.f) for the polariton meters to
read out the qubit. In Ref. [19], we focused on the
linear response of the lower polariton which presents
a small self-Kerr U/κ = 0.017 at the moderate drive
n ≈ 2 ≪ Ncrit. This linear regime is obtained at the
zero flux point (Φ/Φ0 = 0) where the lower polariton is
mostly cavity-like. In this work, we focus on a different
regime where the anharmonicity is comparable to dissi-
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pation (U ∼ κ). This is obtained for the upper polariton
at Φ/Φ0 = 5 when the ancilla is close to resonance to the
cavity (|∆ac| ≲ gac). The hybridization is close to max-
imum, the upper polariton inherits from the ancilla an
anharmonicity Uuu/2π = 6.5MHz and has a loss decay
κu/2π = 7.6MHz. At this working point, the cross-Kerr
coupling to the qubit is the dominant parameter with
χu/2π = 24MHz. All other parameters for these two
flux points are summarized in Table I.

Φ/Φ0 ωl/2π χl/2π κl/2π Ull/2π θ̄
0 7.0335 GHz 4.5MHz 11.8MHz 0.2MHz 0.384 rad

Φ/Φ0 ωu/2π χu/2π κu/2π Uuu/2π θ̄
5 7.575 GHz 24MHz 7.6MHz 6.5MHz 0.602 rad

TABLE I. Effective polariton parameters at two flux points,
Φ/Φ0 = 0 corresponding to the working point in Ref [19] and
Φ/Φ0 = 5 corresponding to the present working point.

III. QUBIT DEPENDENT POLARITONS
RESPONSE

At time scales much shorter than the qubit’s lifetime
t ≪ T1, the qubit state remains static in our setup and
its main effect is to induce a qubit-dependent shift on the
ancilla frequency as

ωa → ω̄(η)
a = ωa − gzz⟨σ̂z⟩η, (4)

where ⟨σ̂z⟩e = +1 when the qubit is prepared in the
excited state η = e and ⟨σ̂z⟩g = −1 when the qubit is in
the ground state η = g. In terms of polaritons Eq. (2),
this translates to a similar qubit-dependent shift on each
polariton mode j = u, l as

ωj → ω̄
(η)
j = ωj − χj⟨σ̂z⟩η, (5)

as well as to a change in the hybridization angle as θ →
arctan

[
2gac/(ω̄

(η)
a − ωc)

]
/2.

To observe this qubit-dependent shift on the polaritons
experimentally, we drive the cavity with a coherent field
⟨ĉin⟩ = i(Ωc/

√
κc)e

−iωdt of frequency ωd and amplitude
Ωc. We then perform homodyne detection at the trans-
mission output of the cavity ⟨ĉout⟩η =

√
κc⟨ĉ⟩η, which

contains information of the qubit state η = g, e and of
the polaritons as ⟨ĉout⟩η =

√
κc(sin(θ)⟨ĉu⟩η+cos(θ)⟨ĉl⟩η).

The experimental results are shown in Fig. 2a, where we
display the average pointer distance,

Deg = |⟨ĉout⟩e − ⟨ĉout⟩g|, (6)

as function of drive frequency ωd and power Pin, which re-
lates to the amplitude as Ωc =

√
κcPin/ℏωd. For this, we

integrate over a 500 ns square readout pulse after prepar-
ing the qubit in its excited state (⟨ĉout⟩e) or in its ground
(⟨ĉout⟩g) by applying a 30 ns square π pulse or not. The

input power y-axis Pin is calibrated knowing the room
temperature power and the attenuation in the input line.
The colorbar of Deg is calibrated knowing the gain of
the output line. For both calibrations of the input and
output line, we assumed the calibrations to be flat in
frequency, which is true in our frequency window up to
±1 dB.
As a first approximation, we consider both polari-

tons independent by neglecting their mutual coupling
Uul. It is thus possible to find a simple semi-classical
model that properly describes our measurements up to
moderate powers. When reaching a quasi steady-state
1/κc ≪ t ≪ T1, the polariton amplitudes are solutions
of the nonlinear equations (cf. Appendix C),

⟨ĉj⟩η =
−iΩj

κj/2− i(ωd − ω̄
(η)
j + Ujj |⟨ĉj⟩η|2)

, (7)

with effective polariton driving strengths Ωu = sin(θ)Ωc

and Ωl = cos(θ)Ωc. For very weak driving, we can
further neglect the term Ujj in Eq. (7) and obtain the
standard Lorentzians lineshapes. In this linear regime
(Pin ≲ −112 dBm), we observe four peaks in Deg at

the qubit-dependent polariton frequencies ω̄
(e)
u = ωu +

χu = 2π · 7.599GHz, ω̄
(e)
l = ωl + χl = 2π · 6.963GHz,

ω̄
(g)
u = ωu − χu = 2π · 7.552GHz, and ω̄

(g)
l = ωl − χl =

2π · 6.942GHz, which can be resolved due to the large
cross-Kerr shifts 2χj ≳ κj . The agreement between mea-
surement and model (7) can be observed in Fig. 2b),
where we plot cross-sections of Deg for given input pow-
ers. As the driving power increases, we need to con-
sider the nonlinear term in the denominator of Eq.(7) and
solve it self-consistently as a Duffing oscillator equation
(cf. Appendix C). As a result, the polariton frequencies
are down-shifted due to their self-Kerr rate by an amount

ω
(η)
j → ω̄

(η)
j − Ujj |⟨ĉj⟩η|2 as shown in Figs. 2a) and b).

Above a critical value of driving strength Ωcrit, the po-
laritons enter a bistability region, as can be hinted by the
sharp wave-like shape of the spectroscopic cross-sections
above Pin ≳ −108 dBm in Fig. 2b. Contrary to the case
of only one nonlinear resonator, here Eq. (7) presents
two bistability zones close to each polariton frequency,
similarly to two coupled nonlinear resonators [37]. This
bistability region for the upper polariton is studied in the
following Section IV.

For the upper polariton, the effective model in Eq. (7)
works well up to Pin ≲ −89dBm as indicated by the mid-
dle horizontal line in Fig. 2a, but need to be refined at
higher power. Indeed, describing a polariton by a fixed
cavity-ancilla hybridization angle is no longer accurate at
high power. As the driving power increases, the ancilla ef-

fectively modifies its frequency as ω̄
(η)
a → ω̄

(η)
a −Ua|⟨â⟩η|2,

which further modifies the hybridization condition as

θ → arctan
(
2gac/(ω

(η)
a − Ua|⟨â⟩η|2 − ωc)

)
/2.

To achieve a more complete description of the cir-
cuit, we consider the dynamics in the cavity-ancilla basis.
As shown in Appendix C, we can still neglect quantum
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a) b) c) d)

FIG. 2. a) Measured mean distance Dexp
eg between the two pointer states of the qubit as function of drive frequency ωd and

power Pin. Horizontal dashed lines are guide to the eyes, indicating different regimes of the system. From bottom to top: linear,
nonlinear with self-Kerr, higher order nonlinearities, and strongly driven bare cavity regime. b) Cross-sections of Deg versus ωd

normalized by their experimental maximum value at fixed drive powers indicated by the arrows. In green: experimental data,
in red: theoretical model in the ancilla-cavity basis (Eq. (8)), and in dashed purple: theoretical model in the polariton basis
(Eq. (7)). c) Computed Dth

eg using the model Eq. (8). d) Decomposition of upper polariton into cavity pηc (green) and ancilla
pηa (brown) as function of power Pin when the qubit is in η = g (solid lines) or η = e (dashed lines). The proportions pηc and
pηa are computed using model (8) and following the drive frequency-power line ωd(Pin) indicated by the solid and dashed lines
in panel c), corresponding to the qubit states η = g and η = e, respectively.

fluctuations, obtaining the following nonlinear system of
equations for the quasi steady-state amplitudes:

[κc/2− i(ωd − ωc)]⟨ĉ⟩η + igac⟨â⟩η + iΩc = 0, (8)

[κa/2− i(ωd − ω̄(η)
a + Ua|⟨â⟩η|2)]⟨â⟩η + igac⟨ĉ⟩η = 0.

We map these equations to a standard Duffing oscilla-
tor polynomial equation of order 3 (see Appendix C),
which can have two stable solutions and one unstable so-
lution (or vice versa) depending on the driving frequency
ωd/2π and amplitude Ωc. In Fig. 2b) and c) we show
the theoretical prediction which agrees well with the cav-
ity transmission measurements up to large powers. The
model Eq. (7), which consider two independent polari-
tons, agrees well with the model Eq. (8), which includes
the coupling between polaritons, in a wide range of input
power, up to ≳ −89 dBm. We conclude that the polari-
ton modes are nearly uncoupled and thus can be used as
independent meters for the qubit readout. Nevertheless,
for calculation purposes, we will still perform many cal-
culations using the ancilla-cavity basis in Eq. (8) rather
than Eq. (7).

From the numerical simulation of Eq. (8), we also ex-
tract more information about the decomposition of the
polariton modes in terms of cavity and ancilla compo-

nents. In particular, we compute for both qubit states
η the cavity and ancilla population proportions, pηc =

|⟨ĉ⟩η|2
|⟨ĉ⟩η|2+|⟨â⟩η|2 and pηa =

|⟨â⟩η|2
|⟨ĉ⟩η|2+|⟨â⟩η|2 , along the upper po-

lariton branch ωd as function of Pin. The ancilla-cavity
proportions depend on the qubit state as it shifts the an-
cilla frequency by 2gzz. At low power, the upper polari-
ton is more ancilla-like than cavity-like while it is the op-
posite at large power. Effective ancilla-cavity resonance

can be achieved for | ⟨a⟩η |2 = (ω̄
(η)
a −ωc)/Ua, where both

polaritons become 50-50 ancilla-like and cavity-like.

At even further input power, branches going to up-
ward frequencies with input power start to appear in the
measurement (Fig. 2.a). These features are not captured
by our numerical model. We believe they are due to
neglected higher nonlinear terms in the anharmonic an-
cilla mode, like the 6th order, which has an opposite sign
to the 4th order self-Kerr term. The dynamics become
more and more complex and is beyond the scope of this
paper. However, we find it worthwhile to note that for a
large enough driving power (Pin ≥ −75 dBm in our case),
the system reaches a regime where the polariton physics
disappears and the qubit state can be readout close to
the bare cavity frequency ωc/2π = 7.169GHz. This be-
havior appears to be similar to the quantum-to-classical
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transition physics as in Ref. [41] resulting in a destruc-
tive readout of the qubit state. At this high power, the
ancilla is effectively far detuned from the cavity (θ → 0),
the upper polariton is becoming more and more cavity-
like until only the bare cavity is recovered (Fig. 2.d).

IV. QUBIT DEPENDENT UPPER POLARITON
BISTABILITY REGIONS

We now focus on frequencies around the upper polari-
ton mode, and we study the bistability region in detail.
As commented in the previous section, above a certain
driving strength Ωcrit the nonlinear polariton can have
two stable quasi steady states. When crossing a bista-
bility zone (where two stable solutions coexist), the sys-
tem presents an hysteric behavior. For a fixed drive fre-
quency, and a ramp up in amplitude Ω̇c(t) > 0, the po-
lariton bifurcates from a stable low amplitude output to
a stable high amplitude output when crossing the point
Bup

η (ωd, Pin) (see Fig. 3a). Reciprocally, for a ramp down

in amplitude Ω̇c(t) < 0, the polariton bifurcates from a
high to a low amplitude output when crossing a different
point Bdown

η (ωd, Pin) < Bup
η (ωd, Pin). To characterize the

bistability zone for the upper polariton, we measure the
distance,

Dud
η = |⟨ĉout⟩upη − ⟨ĉout⟩down

η |, (9)

which compares the output amplitude ⟨ĉout⟩upη measured

during a 500 ns ramp up with the amplitude ⟨ĉout⟩down
η

obtained during a 500 ns ramp down. Both amplitudes
are averaged over 2000 realizations. The bistability re-
gion is identified by a non-zero hysteretic signal difference
Dud

η ̸= 0 since outside this region, we have Dud
η = 0. Re-

markably, the bistability region of the upper polariton
depends on the qubit state.

In Figs. 3b) and c) we display the measured Dud
η

and the bistability regions, for the qubit prepared in its
ground η = g or excited state η = e, respectively. From
the polaritons point of view, the qubit state shifts the up-
per polariton frequency by 2χu and thus the bistability
zone is also shifted by approximately 2χu. For both qubit
states, the bistability zone and the hysteretic amplitude
Dud

η are well captured by Eq. (8).

V. QUBIT STATE LATCHING READOUT

We measure the single-shot readout fidelity around the
bistability zones, for the upper polariton, shown in Fig. 3.
The results of the readout fidelity as function of the fre-
quency and power of the signal are shown in Fig. 4. We
see that for an amplitude below Bup

e (region I), the po-
lariton does not bifurcate up for both qubit states. For
amplitude above Bup

g (region III), the polariton bifur-
cates up for both qubit states. Therefore, for regions I
and III the readout fidelity is close to zero. This is not the

a)

b)

c)

FIG. 3. Bistability region for the upper polariton mode. (a)
Schematic of the hysteretic behavior. Left: Pulse sequence
Ωc(t) for a ramp up and ramp down applied to cavity. This in-
duces a bifurcation up (and down) in ⟨ĉout⟩upη (and ⟨ĉout⟩down

η ),

at different points Bup
η (and Bdown

η ). Right: Hysteretic signal

Dud
η is reconstructed from the output signal during the ramp

up and ramp down. (b)-(c) Measurement of the bistability
hysteretic signal Dud

η as a function of the input power Pin

and frequency ωd/2π when the qubit is prepared in η = g
(b) or in η = e (c). The colormap corresponds to the exper-
imental data and the contour lines correspond to the theory
in Eq. (8).
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FIG. 4. Readout fidelity as a function of power and frequency.
Superimposed are the computed bistability zones for the up-
per polariton as shown in Fig. 3. The point of maximum
fidelity is indicated by a black star.

case of region II, where we observe a very high fidelity.
Here, at the beginning of the pulse, the input power is
ramp up and crosses Bup

e but not Bup
g . The upper polari-

ton thus bifurcates up only if the qubit is in its excited
state |e⟩. During the pulse, the upper polariton will not
bifurcate down as long as the input power does not fall
below Bdown

g or Bdown
e , even if the qubit relaxed to its

ground state |g⟩. The high amplitude output state is
thus latched as long as input power is maintained above
Bdown

η even if the qubit relaxed. The readout is thus less
sensitive to qubit relaxation error. On the other hand,
the readout is still sensitive to |g⟩ → |e⟩ transition error
during measurement, for example due to thermal excita-
tions.

Using heralding to mitigate state preparation errors,
we measure a maximum readout fidelity of FRO = 1 −
[P (e|g) + P (g|e)]/2 = 98.6% for a 500 ns square pulse.
Here, P (α|β) is the error probability to read state α
when the system was prepared in state β. This fidelity
is obtained at 7.508GHz drive frequency and −89 dBm
input power (see Fig. 4). At this working point, the
photon number of the readout mode is around ng ∼ 0
and ne ∼ 9 when the qubit is |g⟩ and |e⟩, respectively.
The error probabilities P (α|β) are obtained by count-
ing the statistic with thresholding from the readout his-
tograms over 105 repetitions where the qubit is pre-
pared either in its ground or excited state. We extract
P (e|g) = (0.90 ± 0.03)% and P (g|e) = (1.90 ± 0.05)%
where the uncertainty comes from the finite number of
repetitions. During the readout integration time tint =
500 ns, we would expect the qubit to have relaxed around
1− e−tint/2T1 ≃ 8% of the times. However, thanks to the
latching bifurcation mechanism, this error is strongly re-

duced to around 1 − e−tb/2T1 where tb is the time to
bifurcate up to the high amplitude state, which is much
smaller than the readout integration time tint. Assum-
ing tb ≃ κ−1

u = 21ns as a rough estimate, we thus
calculate 0.3% error due to qubit relaxation before bi-
furcation within P (g|e). We also estimate 0.1% error
due to overlaps between the two Gaussian correspond-
ing to each qubit state, 0.4% of heralding preparation
error due to thermal excitations between the heralding
and the readout pulse, 1% of gate infidelity due to finite
duration of π pulse and finite coherence time. Within
P (e|g), we estimate 0.1% error due to overlaps between
the two Gaussian corresponding to each qubit state, 0.4%
of heralding preparation error due to thermal excitations
between the heralding and the readout pulse and 0.2%
error due to thermal excitation during the readout. The
remaining readout infidelity of 0.15% (0.2% in P (e|g)
and 0.1% in P (g|e)) could be attributed to wrong bi-
furcation event due to noise and uncertainty on the in-
put power of the coherent drive. We believe that this
wrong bifurcation event error to be small thanks to the
large shift 2χu/2π = 48MHz allowing to work with input

power far enough from the B
down/up
η points. This error

could be further suppressed in the future by optimizing
the driving power and frequency working point and the
readout pulse shape.

The state of the qubit can thus be readout in a single-
shot manner without any external quantum-limited am-
plifier. It is accomplished thanks to the qubit-state de-
pendent bistability and enhanced by a latching mecha-
nism. Here, this regime is achieved at low photon number
(about 9) and differentiates strongly from the very high
photon number like in Refs [41, 42]. Contrary to the case
of in-situ JBA with transverse interaction to the qubit
[22, 43, 44], here a large readout shift χu > κu, Uuu is
possible without suffering from Purcell decay thanks to
the non-perturbative nature of the cross-Kerr coupling
(see Appendix D for comparison). Using a two steps
pulse [43] or shelving techniques [43, 45, 46] the errors
due to wrong bifurcation events and relaxation before bi-
furcation may be even further reduced. With a readily
achievable qubit T1 and T2 ten times greater than the
current sample, the false qubit preparation and the tran-
sitions before bifurcation errors could be suppressed to
0.1%. Moreover, by adding an external quantum limited
amplifier, the overlap error can be erased, and the input
readout power further reduced, thus limiting backaction
on the qubit. Taking into account the whole, readout
fidelity beyond 99.9% can be achieved.

VI. CONCLUSIONS AND OUTLOOK

Using transmon molecule inside a cavity, we investi-
gated transmon qubit readout based on polariton me-
ters. In particular, we studied the nonlinear response
of polariton modes to a strong drive leading to a hys-
teric bifurcation arising from the bistability of the upper
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polariton. Leveraging this effect, a latching-like readout
with 98.6% readout fidelity has been achieved without
external quantum-limited amplification. This result is
obtained in the mesoscopic regime when the polariton
meters amplitude is limited to few photon number. Due
to the non-perturbative cross-Kerr coupling between the
qubit and the readout polariton modes, the qubit does
not suffer from Purcell decay. A bifurcation amplifier of
the qubit state with a large readout shift 2χ > κ with-
out deteriorating the qubit lifetime is thus possible and
has been demonstrated. Such a readout with an in-situ
amplification could reach quantum detection efficiency
close to one by optimizing the techniques presented here.
To this end, imperfections can be systematically studied
and parameters recalibrated using recent QND detector
tomography protocols [7, 8, 47]. Due to its flux tunabil-
ity, our platform is also well-suited for a systematic study
of qubit readout performances as function of χ, κ, and
U .

All the above properties make the transmon molecule
inside a resonator a promising building block for imple-
menting high-quality multiplexed readout in multi-qubit
devices. Indeed, multiple transmon molecules could be
simultaneously measured by coupling the dedicated res-
onators to a common transmission line, similarly as done
in multi-qubit transmon platforms [48]. Although our
scheme may be a priori slightly more complicated than
the usual qubit-resonator-Purcell filter building blocks,
which also involves three modes, the possibility of non-
perturbative cross-Kerr couplings can strongly increase
the speed and QND quality of the readout. This is par-
ticularly crucial for large-scale protocols with repetitive
measurements [49–51]. In particular, our scheme allows
qubits to induce large readout shifts 2χ > κ while still
having large detuning to readout modes, thereby mitigat-
ing frequency crowding, enhancing speed, and suppress-
ing non-QND errors originating from residual Purcell-
like effects [19] or measurement-induced state transi-
tions within and beyond the rotating-wave approxima-
tion [12, 52]. In addition, having an intrinsic and in-situ
amplification at each qubit can enable a large quantum
detection efficiency, which can allow for a high signal-to-
noise ratio even when strongly splitting the readout pulse
to perform scalable multi-qubit measurements.

Finally, the transmon molecule circuit is also promising
for other readout schemes using polaritons as an in-situ
Josephson Parametric Dimer or JPA [37, 38]. This can
be achieved through degenerate pumping either below
the critical bistability points of each polariton or in be-
tween the frequencies of both polaritons. Implementing
these strategies holds the potential to further enhance
the quantum efficiency and performances of the readout
process in future experiments.
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Appendix A: Sample and microwave wiring

In this appendix, we describe the experimental setup.
The device consists of an aluminium Josephson circuit re-
alizing a transmon molecule and described by the lumped
element circuit of Fig. 5d. The circuit is deposited on an
intrinsic silicon wafer as shown in Fig. 5c and inserted
in a 3D copper cavity (Fig. 5b). The transmon molecule
Hamiltonian is described in the following appendix.
To measure the transmon molecule, we insert the sili-

con chip inside a 3D copper cavity with a volume 24.5mm
x 5mm x 35mm(cf. Fig. 5b). The cavity mode considered
is the fundamental TE101 mode.
The schematic of the experimental set-up is shown in

Fig. 5a. Qubit and readout pulses are sent through the
same input line. The output line carries the readout
signal to an HEMT through two circulators to prevent
noisy microwave signal back to the cavity. The output
line was wired to include a JPA which was turned off for
the present study. Consequently, the transmitted signal
passes through two circulators and a directional coupler
before being reflected on the JPA. As the JPA was not
pumped, no amplification were performed. Then the re-
flected signal passes again through the directional coupler
and circulator before entering the first amplification stage
with the HEMT amplifier. This not optimal output line
wiring does not prevent to achieve high fidelity readout.
However, the readout performances could be further im-
proved by removing the JPA-related wiring that involve
insertion and propagation losses. At room-temperature,
the signal is down-converted to DC voltages via an IQ
mixer and digitized at 1 GS/s using an ADC. Finally,
the signal is digitally integrated.

Appendix B: Transmon molecule Hamiltonian

In this appendix, we derive the circuit Hamiltonian of
the transmon molecule. The molecule is realized by two
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FIG. 5. a) Schematic of the experimental setup. Even though
a JPA is present, it is not pumped in the current work and so
does not bring amplification. As our reported readout does
not require external quantum-limited amplifier, the framed
part with dash line can be removed in order to further opti-
mize the output line and enhance the readout performances.
b) Picture of the two parts of the Copper-OFHC 3D cavity
with the input-output pin connectors. The sample is placed at
the center of the cavity. c) Optical microscope and SEM pic-
tures of the transmon molecule sample. The Josephson junc-
tions are highlighted in red. The SQUID Josephson junctions
implementing the coupling inductance La are highlighted in
green. d) Lumped element circuit of the transmon molecule.

identical transmon qubits with Josephson energy EJ and
capacitance CS , coupled through a parallel LC-circuit
with inductance La and capacitance Ct (see Fig. 5d).
Here, CS represents the capacitance between an either
small rectangular electrode and the central longer one,
while Ct represents the capacitance between the two
small rectangular electrodes. The coupling inductor La

is implemented by a chain of 10 small SQUID loops of
area SSQUID, which are tunable by an external flux ΦS

(cf. Fig. 5c). The circuit also contains a large loop of en-
closed area A that is approximately r = A/SSQUID ≃ 26

times larger than the SQUIDs. Consequently, the flux
Φ = rΦS generates a circulating current passing through
both La and the two small Josephson junctions of the
transmons. As already discussed in previous work [19],
when the applied flux satisfies Φ = nΦ0 (with n an inte-
ger and Φ0 the magnetic flux quantum), the dynamics of
the system effectively behaves as a single transmon qubit
with cross-Kerr coupling to a slightly anharmonic ancilla
mode, described by the Hamiltonian

Ĥmol = 4ECq
n̂2
q − 2EJ cos(φ̂q)

+ 4ECa
n̂2
a − 2EJ

(
cos(φ̂a)−

LJ

La(n)
φ̂2
a

)
− EJ

2
φ̂2
qφ̂

2
a +O6. (B1)

Here, the phase average φ̂q and phase difference φ̂a be-
tween the two Josephson junctions describe the effective
transmon qubit and the ancilla mode, respectively. Their
conjugate charge number operators are denoted by n̂q

and n̂a. The charging energies of qubit and ancilla are
given by ECq

= e2/(2Cq) and ECa
= e2/(2Ca), with ef-

fective capacitances Cq = 2CS and Ca = 2(CS + 2Ct),
respectively. We considered the system in the transmon
regime, EJ ≫ ECq

, ECa
, so that φ̂q, φ̂a ≪ 1 and there-

fore expanded the coupling term between φ̂q and φ̂a up

to fourth order in the phases. In addition, LJ = (Φ0

2π )
2 1
EJ

describes the Josephson inductance of each junction and
La(n) denotes the value of the coupling inductance for
given magnetic flux ΦS = n

rΦ0. Importantly, the last
term in Eq. (B1) originates the nonlinear cross-Kerr cou-
pling between transmon qubit and ancilla as shown in
the next subsection.
To express the Hamiltonian in the number represen-

tation, we exploit the analogy between the quadratic
terms and the Hamiltonian of independent quantum
harmonic oscillators with positions x̂j = φ̂j , momenta
p̂j = ℏn̂j , masses mj = ℏ2/(8ECj

), and frequencies ω̃j =√
8EJjECj/ℏ, for qubit and ancilla (j = q, a), where we

have defined the effective Josephson energies of qubit and

ancilla as EJq
= 2EJ and EJa

(n) = 2EJ

(
1 + 2LJ

La(n)

)
,

respectively. With these identifications, we can use the
known results from the quantization of the quantum har-
monic oscillator and express the phase and number op-
erators as

φ̂q =

(
8ECq

EJq

)1/4
(q̂ + q̂†)√

2
, (B2)

n̂q = − i

(
EJq

8ECq

)1/4
(q̂ − q̂†)√

2
, (B3)

φ̂a =

(
8ECa

EJa(n)

)1/4
(â+ â†)√

2
, (B4)

n̂a = − i

(
EJa

(n)

8ECa

)1/4
(â− â†)√

2
, (B5)

where q̂, q̂† and â, â† are standard ladder operators for
the qubit and ancilla modes, respectively.
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Replacing expressions (B2)-(B5) into Eq. (B1), we di-
agonalize the quadratic terms of the circuit Hamiltonian,
allowing us to interpret the qubit and ancilla modes as
two coupled anharmonic oscillators described by

Ĥmol

ℏ
= ω̃q q̂

†q̂ +
αq

12
(q̂ + q̂†)4 + ω̃aâ

†â (B6)

− Ua

12
(â+ â†)4 − gzz

2
(q̂ + q̂†)2(â+ â†)2.

Here, the anharmonicities of the qubit and ancilla are
given by αq = −ECq

/ℏ and Ua = (ECa
/ℏ)(1+2 LJ

La(n)
)−1,

respectively, and gzz =
√
αqUa is the strength of their

cross-Kerr coupling.
Considering a large enough anharmonicity |αq|, we can

approximate the transmon qubit by its two lowest states,
so that it can be fully described by Pauli operators, σ̂z =
2q̂†q̂ − 1, and σ̂− = q̂. Finally, adding the cavity mode
ĉ, its coupling to the ancilla, and applying rotating wave
approximation (RWA) to Eq. (B6), we recover Eq. (1) of
the main text.

Appendix C: Open quantum system description and
nonlinear steady-state dynamics

In this appendix, we present details of the theoretical
models to describe our setup as a nonlinear open quan-
tum system. We also indicate the approximations and
the specific nonlinear Duffing equations that we use to
interpret the measured data.

1. Cavity-ancilla basis

For a time-scale much shorter than the lifetime of the
qubit, t ≪ T1, we can neglect the dynamics of the qubit,
and therefore its only effect is to provide a static shift on
the ancilla frequency depending on the qubit state. This
is described by the system Hamiltonian Ĥ in Eq. (1).
If we additionally take into account the dynamics in-
duced by a coherent drive of strength Ωc on the cav-
ity, Ĥd = ℏΩc(ĉe

iωdt + ĉ†e−iωdt), the total Hamiltonian

Ĥtot = Ĥ + Ĥd in the rotating frame with respect to the
drive frequency ωd reads

Ĥtot

ℏ
= − (ωd − ω̄(η)

a )â†â− Ua

2
â†â†ââ (C1)

− (ωd − ωc)ĉ
†ĉ+ gac(â

†ĉ+ ĉ†â) + Ωc(ĉ+ ĉ†),

where ω̄
(η)
a = ωa−gzz⟨σz⟩η is the qubit-dependent ancilla

frequency. Considering the decay of the cavity κc and
ancilla κa, the master equation for the density operator
of the system ρ̂(t) reads

˙̂ρ = − i[
Ĥtot

ℏ
, ρ̂] + κcD[ĉ]ρ̂+ κaD[â]ρ̂. (C2)

We consider a displacement transformation for the cav-
ity and ancilla modes, â = α(t) + δâ and ĉ = γ(t) + δĉ,
where δâ and δĉ are quantum fluctuation operations
around the classical mean displacements α(t) and γ(t),
respectively. The dynamics of the classical fields are
given by the coupled nonlinear equations,

α̇ = − [κa/2− i(ωd − ω̄(η)
a )]α− igacγ + iUa|α|2α,

γ̇ = − [κc/2− i(ωd − ωc)]γ − iΩc − igacα, (C3)

whereas the dynamics of the quantum fluctuations is de-
scribed by the master equation for the new density oper-
ator ρ̂F (t),

˙̂ρF = − i[
ĤF

ℏ
, ρ̂F ] + κcD[δĉ]ρ̂F + κaD[δâ]ρ̂F . (C4)

Here, the fluctuation Hamiltonian reads,

ĤF

ℏ
= − (ωd − ω̄(η)

a + 2Ua|α|2)δâ†δâ+ gac(δâ
†δĉ+ δĉ†δâ)

− (ωd − ωc)δĉ
†δĉ− Ua

2
[α2(δâ†)2 + (α∗)2(δâ)2]

− Ua[α(δâ
†)2δâ+ α∗δâ†δâ2]− Ua

2
(δâ†)2(δâ)2.

(C5)

Note that the dynamics in Eqs. (C3)-(C5) is equivalent as
the original one in Eqs. (C1)-(C2), but the former equa-
tions are more convenient when quantum fluctuations are
small, which is the case when driving the system with a
strong coherent drive on the cavity Ωc.
The steady state solution for the classical displace-

ments in Eqs. (C3) is obtained by first solving the follow-
ing nonlinear algebraic Duffing oscillator for the ancilla,

[A− i(B + C|αss|2)]αss = D, (C6)

and then obtaining the solution for the cavity displace-
ment as

γss =
−i(Ωc + gacαss)

κc/2− i(ωd − ωc)
. (C7)

Notice that in Eq. (C6) the parameters read A = κa/2+

gacRe(z), B = ωd− ω̄
(η)
a −gacIm(z), C = Ua, D = −zΩc,

and z = gac/[κc/2 − i(ωd − ωc)]. This Eq. (C6) is more
conveniently solved in terms of a third order polynomial,

C2x3 + 2BCx2 + (A2 +B2)x−D = 0, (C8)

for x = |αss|2. In this work, we numerically solve for
Eq. (C8) and then determine the full ancilla displace-
ments via αss = D/[A− i(B + Cx)] and Eq. (C7).
We checked numerically that in steady state t ≫ 1/κc,

the quantum fluctuations are always small with respect
to the classical displacement, |⟨δâ⟩| ≪ |αss| and |⟨δĉ⟩| ≪
|γss|, and therefore it is a good approximation to com-
pletely neglect them, namely ⟨â⟩η ≈ αss, and ⟨ĉ⟩η ≈ γss
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as given by the solution of Eqs. (C6)-(C8). Under these
approximations, is that Eq. (8) of the main text is valid.

In Sec. IV, when discussing the bi-stability of the up-
per polariton, we calculate the stable solutions after a
ramp up and ramp down of the system by the solutions of
Eq. (C8) with lowest and largest amplitude, respectively.
This matches very well the measured data as indicated
in Figs. 3b)-c).

References present work [22] [43] [44]
χ/2π (MHz) 24 2.1 1.7 3.6
κ/2π (MHz) 7.6 9.4 3.1 1.3
U/2π (MHz) 6.5 (0.02) 0.3 0.03

Ncrit 0.2 90.5 2.0 8.3
FRO (%) 98.6 92 98.3 90.8
tint (ns) 500 965 2025 600
T1 (µs) 3.3 0.5 2.5 4.1

TABLE II. Readout system parameters for different references
using a Josephson bifurcation amplifier or a Josephson para-
metric oscillator.

2. Polariton basis

Starting from Eqs. (C1)-(C2) and doing a polariton
transformation ĉu = cos(θ)â+sin(θ)ĉ, and ĉl = cos(θ)ĉ−
sin(θ)â, as indicated in Sec. II B, we can describe the
system by the master equation,

˙̂ρ′ = − i[
Ĥp

tot

ℏ
, ρ̂′] +

∑
j

κjD[δĉj ]ρ̂
′, (C9)

where the total Hamiltonian for the polariton modes ĉj ,
considering the coherent drive in the rotating frame with
frequency ωd, reads

Ĥp
tot

ℏ
=

ωq

2
σ̂z −

∑
j=u,l

χj ĉ
†
j ĉj σ̂z +

∑
j=u,l

(ωj ĉ
†
j ĉj −

Ujj

2
ĉ†

2

j ĉ
2

j)

+
∑
j=u,l

Ωj(ĉj + ĉ†j)− Uulĉ
†
l ĉlĉ

†
uĉu, (C10)

Here, the effective polariton driving strengths are given
as in the main text as Ωu = sin(θ)Ωc and Ωl = cos(θ)Ωc.
We can also apply a displacement transformation on the
polariton operators, ĉj = γj(t)+δĉj and obtain an equiv-
alent description, similar as done above for the cavity-
ancilla basis. The classical displacements γj(t) are de-
scribed by the coupled nonlinear equations,

γ̇j = − [κj/2− i(ωd − ω
(η)
j )]γj − iΩj + iUjj |γj |2γj

+ iUul|γ−j |2γj . (C11)

The quantum fluctuations are described by a master
equation,

˙̂ρ′F = −i[ĤF
p , ρ̂′F ] + κjD[δĉj ]ρ̂

′
F . (C12)

The Hamiltonian for the polariton quantum fluctuations
ĤF

p can be more compactly written using the identifica-
tion δĉu → δĉ+ and δĉl → δĉ− as

ĤF
p =

∑
j=±

[
−(ωd − ω̄

(η)
j + 2Ujj |γj |2 +

Uul

2
|γ−j |2)δĉ†jδĉj

− Ujjγ
∗
j δĉ

†
j(δĉj)

2 − Ujjγj(δĉ
†
j)

2δĉj −
Ujj

2
(γj)

2(δĉ†j)
2

− Ujj

2
(γ∗

j )
2(δĉj)

2 − Ujj

2
(δĉ†j)

2(δĉj)
2

]
− Uul

∑
j=±

[
γj(γ

∗
−j)δĉ

†
jδĉ−j + γ∗

−jδĉ
†
jδĉjδĉ−j

+ γ−jδĉ
†
−jδĉ

†
jδĉj +

γj
2
γ−jδĉ

†
jδĉ

†
−j

+
1

2
γ∗
j γ

∗
−jδĉjδĉ−j +

1

2
δĉ†jδĉ

†
−jδĉjδĉ−j

]
. (C13)

Similarly, as for the cavity-ancilla basis, we checked
numerically that quantum fluctuations are always small
in our problem, |⟨δĉj⟩| ≪ |γj |, and therefore we neglect
them for simplicity ⟨ĉj⟩η ≈ γj .
In addition, we found that neglecting the coupling be-

tween polaritons Uul is a good approximation to our data
up to moderately large driving amplitudes Ωc. This fur-
ther simplifies the analysis of the nonlinear polariton me-
ters of our setup, as they can be well modeled as indepen-
dent modes. The quasi steady state amplitudes of each
polariton ⟨ĉj⟩η are solutions of standard Duffing oscilla-
tor equations of the form,

[κj/2− i(ωd − ω̄
(η)
j + Ujj |⟨ĉj⟩η|2)]⟨ĉj⟩η = −iΩj . (C14)

This is Eq. (7) of the main text, which can be put in the
same form of Eq. (C8) with xj = |⟨ĉj⟩η|2, Aj = κj/2,

Bj = ωd − ω̄
(η)
j , Cj = Ujj , and Dj = −iΩj . In this

way we solve self-consistently for the occupation of each
polariton mode xj = |⟨ĉj⟩η|2 first, and then we obtain
the full solution for each mode independently as ⟨ĉj⟩η =
Dj/[Aj − i(Bj + Cjxj)].

Appendix D: Comparison with other bifurcation
readout

In Table II are summarized the χ, κ, U , Ncrit, FRO,
tint and T1 values for our present work and for differ-
ent references using a Josephson Bifurcation Amplifier
or a Josephson Parametric Oscillator with dispersive in-
teraction with a qubit. While κ is in the same order of
magnitude, our cavity pull χ is much larger than in other
references thanks to the non-perturbative nature of the
cross-Kerr coupling. Moreover, JBA is usually used in
the case U ≪ κ meaning a large number of photons is
required to attain the bistability zone while in our case,
U ≲ κ, photon number close to unity is sufficient to at-
tain the bistability zone.
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