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Quantum correlation of photons based on quantum interference, such as unconventional photon blockade (UPB), has
been extensively studied for realizing single-photon sources in a weak nonlinear regime. However, how to use this effect for
other practical applications is rarely studied. Here, we propose to realize angular velocity and temperature sensing based
on the quantum correlation of photons induced by quantum interference. We demonstrate that UPB can be observed in
the mixing field output from a Mach–Zehnder interferometer (MZI) with two cavities in its two arms based on quantum
interference. We show that the second-order correlation function of the output field is sensitive to the parameters of the
system, and propose schemes to realize angular velocity and temperature sensing by measuring the second-order correlation
of the photons output from the MZI. We find that the second-order correlation function of the output field is much more
sensitive to the parameters of the system than the mean photon number, which provides an application scenario for UPB in
sensitive sensing.

Keywords: unconventional photon blockade, gyroscope, temperature sensing, Mach–Zehnder interferometer
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1. Introduction
Quantum correlation of photons can be described by cor-

relation functions,[1,2] which provide a quantitative measure to
characterize the quantum nature of light. To date, the applica-
tion of quantum photon correlation has expanded from char-
acterizing single photons[3,4] to demonstrating photonic quan-
tum logic gates[5,6] and fractional quantum Hall states.[7]

The quantum correlation of photons can be manipulated
when they pass through an optical system containing strong
photon–photon interaction. If the probabilities of multiphoton
states are suppressed by the nonlinear interaction, then the out-
put field becomes sub-Poissonian, which is referred to as con-
ventional photon blockade (CPB).[8] CPB has been proposed
in various optical platforms,[9–20] and has been observed in
resonators strongly coupled to quantum emitters.[21–27]

In the past decade, some novel mechanisms have been
proposed to manipulate the correlation properties of pho-
tons under weak nonlinear interactions.[28–40] The one that at-
tracts the most attention is the unconventional photon blockade
(UPB),[41,42] where the probabilities of two-photon excitation
are suppressed by destructive interference between different
transition paths. UPB has been extensively studied in various
systems, such as coupled optomechanical systems,[43–45] cou-

pled cavities with second- or third-order nonlinearities,[46–60]

a cavity embedded with a two-level atom,[61–66] coupled-
resonator chains,[67–69] etc. UPB has been experimentally re-
alized with a quantum dot in a semiconductor cavity quantum
electrodynamics system[70] and with a SQUID in supercon-
ducting resonators.[71]

In recent work, we found that the photon correlation of
the mixing fields output from a Mach–Zehnder interferometer
(MZI), with two cavities in the two arms, can be manipulated
by quantum interference.[72] We uncover a scaling enhance-
ment of photon blockade in the mixing fields output from
the MZI. However, whether strong quantum correlation in the
mixing output fields can also be realized in the weak nonlinear
regime is still an open question. Moreover, we know that the
MZI[73] is a good platform for the measurement of the rela-
tive phase acquired by the beam along the two paths, which
offers applications in versatile sensing based on the interfer-
ence pattern.[74–76] How to use the quantum correlation in the
mixing fields output from the MZI for sensing is another inter-
esting question.

In this paper, we propose to realize sensitive sensing
based on the second-order correlation of mixing fields output
from an MZI, with two cavities in the two arms based on weak
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nonlinearity. We find that strong photon blockade can be real-
ized in the weak nonlinear regime by the quantum interference
between different paths for two-photon states passing through
the MZI. We also show that the second-order correlation of
the photons output from the MZI is sensitive to the system pa-
rameters, which is the main mechanism for sensing based on
quantum correlation.

We note that the angular velocities[77–89] and the
temperatures[90–98] are usually measured by monitoring the
frequency shift of the system under test. In addition, the
Raman-ratio technique based on Stokes/anti-Stokes asymme-
try is used to measure temperatures close to absolute zero in
the field of cavity optomechanics.[99–104] In contrast, we pro-
pose schemes to realize angular velocity sensing and tempera-
ture sensing by measuring the second-order correlation of the
photons output from the MZI. One of the noteworthy advan-
tages of the sensing scheme based on the second-order corre-
lation is that it can work with a very weak driving field, even at
the single-photon level. Moreover, we show that the second-
order correlation is much more sensitive to the parameters of
the system than the mean photon number, so that the sens-
ing schemes by detecting the second-order correlation may
achieve a higher sensitivity than the schemes by measuring
the mean photon number.

The remainder of the paper is organized as follows. In
Section 2, we present the model of a MZI with two cavi-
ties in the two arms. We show UPB in the output field of
the MZI both numerically and analytically in Section 3. We
demonstrate how to realize versatile sensing by measuring the
second-order correlation of the photons output from the MZI
in Section 4. Finally, we summarize our main results in Sec-
tion 5.

2. Physical model
In this paper, we show that UPB based on the quantum

interference between different transition paths appears within
a narrow range of parameters, and this feature can be applied
to realize sensitive sensing. As a specific platform for UPB,
we consider an MZI with two cavities (a1 and a2) in its two
arms, as shown in Fig. 1(a), and discuss the second-order cor-
relation of the output field in the next section. A probe field
is divided into two beams by a 50/50 beam splitter (BS), and
then injected into one of the cavities, respectively. The trans-
mitted fields from the two cavities are mixed by another 50/50
BS, and a phase shifter (PS) is placed in one of the two arms
to change the phase difference between them. The second-
order correlation of the output field aout can be measured by a
Hanbury–Brown–Twiss (HB-T) set-up. In the frame rotating
at the probe laser frequency ωp, the system can be described
by the Hamiltonian (h̄ = 1)

H = ∆1a†
1a1 +Ua†

1a†
1a1a1 +∆2a†

2a2

+ i
(
ε1a†

1 + ε2a†
2−H.c.

)
, (1)

where ai and a†
i are the annihilation and creation operators

of the cavity mode i with resonance frequency ωi (i = 1,2),
∆i = ωi−ωp is the detuning of the probe laser from the cav-
ity resonance, δ = ω2−ω1 is the detuning between the two
cavity modes, U is the nonlinear interaction strength in cavity
mode 1, and εi =

√
κiPin/(h̄ωp) is the driving strength on cav-

ity mode i, with the driving power Pin and the decay rate from
one of the cavity mirrors κi.

The two fields aout and Aout output from the MZI can be
obtained according to the input–output relation[105]

aout = (
√

κ1a1 + e iφ√
κ2a2)/

√
2−avac, (2)

Aout = (
√

κ1a1− e iφ√
κ2a2)/

√
2−a′vac, (3)

where φ is the phase difference between the laser beams out-
put from the two arms (which can be tuned by the PS), and
avac, a′vac are the input vacuum fields. As the output field Aout

can be obtained from aout just by replacing φ with φ +π , we
will only focus on the output field aout in the following.

Here, we focus on the quantum correlation of photons de-
scribed by the second-order correlation function. The second-
order correlation function of the output field aout from the MZI
is given by

g(2)out (τ) ≡

〈
a†

outa
†
out (τ)aout (τ)aout

〉
〈

a†
outaout

〉2

=
2

∑
j,k,l,m=1

e inφ
√

κ jκkκlκm

〈
a†

ja
†
k (τ)al (τ)am

〉
4N2

out
, (4)

where n = l + m − j − k, 2Nout = κ1〈a†
1a1〉 + κ2〈a†

2a2〉 +
2
√

κ1κ2Re(e iφ 〈a†
1a2〉), and τ are the time delays between the

two photodetectors (D1 and D2 in the HB-T set-up). There
are cross-correlations between the photons in the two cavities
(i.e., 〈a†

2a†
1a2a1〉, 〈a†

1a†
1a2a2〉, 〈a†

1a†
1a1a2〉, and 〈a†

2a†
1a2a2〉),

and there are phase factors e inφ in front of the terms, which
can be negative and lead to strong photon blockade in the weak
nonlinear regime based on quantum interference.

The system dynamics are governed by the master
equation[106] for the density matrix ρ:

dρ

dt
=−i [H,ρ]+ ∑

i=1,2
κi

(
2aiρa†

i −a†
i aiρ−ρa†

i ai

)
. (5)

In the following discussions, we set κ1 = κ as the unit of fre-
quency. We consider a weak nonlinear interaction (U/κ =

0.02, unless specified otherwise) for two reasons: (i) achiev-
ing a strong Kerr nonlinearity in an optical resonator remains
a great experimental challenge;[107] (ii) the second-order cor-
relation function of the output field is more sensitive to the
system parameters for a weaker nonlinear interaction strength
(see Appendix A). To avoid the excitation of multiphoton
states, the amplitude of the probe field is also kept weak
(εi/κ = 0.1, unless specified otherwise) to achieve photon
blockade.
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Fig. 1. (a) A Mach–Zehnder interferometer with two cavities (a1 and a2) in the two arms. A weak probe field is divided into two beams by a
50/50 beam splitter (BS), and then injected into one of the cavities, respectively. The transmitted fields from these two cavities mix by another
50/50 BS, and a phase shifter (PS) is placed in one of the two arms. The second-order correlation of the output field aout can be measured
by a Hanbury–Brown–Twiss (HB-T) set-up. The second-order correlation log10[g

(2)
out(0)] (b) versus phase φ/π and detuning δ/κ for nonlinear

strength U/κ = 0.02, (c) versus U/κ and detuning δ/κ for φ = 0.824π . (d) The second-order correlation g(2)out(τ) versus time delay τκ , and
(e) the probability coefficients of two photons in the cavities (C20, C11, and C02) and in the output field (C20 + e iφ

√
2C11 + e2iφC02), for

δ ≈−0.47κ , φ = 0.824π , and U/κ = 0.02. The parameters are κ1 = κ2 = κ , ε1 = ε2 = κ/10, and ∆1 = 0.

3. Photon blockade with weak nonlinearity

First of all, let us discuss how to realize photon blockade
with weak nonlinearity in the MZI. The second-order correla-
tion of the output field log10[g

(2)
out(0)] is plotted as a function

of the phase φ/π and detuning δ/κ for a nonlinear strength
of U/κ = 0.02 in Fig. 1(b) with κ1 = κ2 = κ . Strong photon
anti-bunching g(2)out(0)� 1 is obtained around the parameters
(δ ≈−0.47κ , φ = 0.824π) and (δ ≈ 0.47κ , φ = 1.104π) with
the weak nonlinearity (U = 0.02κ). In addition, the results for
κ2 6= κ1 and different nonlinear strengths U are shown in the
Appendix, which show two points: (i) κ2 6= κ1 mainly shifts
the optimal detuning δ for photon blockade; (ii) g(2)out(0) < 1
appears in a narrower parameter range for a weaker nonlinear
interaction strength.

The second-order correlation log10[g
(2)
out(0)] is also plot-

ted as a function of the nonlinear interaction strength U/κ and
detuning δ/κ for φ = 0.824π in Fig. 1(c). The minimal value
of log10[g

(2)
out(0)] is obtained around U = 0.02κ . The second-

order correlation g(2)out(τ) versus time delay τκ is shown in
Fig. 1(d). Different from the rapid oscillations induced by the
coupling between two cavities predicted in weakly nonlinear
photonic molecules, [41,42] here there is no oscillation behav-
ior as the delay time goes on, and the scale of the time delay is
determined by the decay rate of the cavities as 1/κ .

In order to understand the origin of the strong antibunch-
ing, we consider a non-Hermitian Hamiltonian including the
decay effect as H ′ = H− iκ1a†

1a1− iκ2a†
2a2 and use the wave

function terminated to the two-photon states as

|ψ〉 = C00 |0,0〉+C10 |1,0〉+C01 |0,1〉
+C20 |2,0〉+C11 |1,1〉+C02 |0,2〉 , (6)

for weak probe fields εi � {κ1,κ2}. Substituting the
non-Hermitian Hamiltonian and wave function into the
Schrödinger’s equation ih̄ ∂

∂ t |ψ〉= H ′ |ψ〉, we get the dynam-
ical equations for the probability coefficients as

i
d
dt

C10 = (∆1− iκ1)C10 + iε1C00, (7)

i
d
dt

C01 = (∆2− iκ2)C01 + iε2C00, (8)

i
d
dt

C20 = (2∆1 +2U− i2κ1)C20 + i
√

2ε1C10, (9)

i
d
dt

C02 = (2∆2− i2κ2)C02 + i
√

2ε2C01, (10)

i
d
dt

C11 = (∆1 +∆2− iκ1− iκ2)C11 + iε2C10 + iε1C01. (11)

In the steady state, i.e., dCi j/dt = 0, the linear equations for
the probability coefficients are given by

0 = (∆1− iκ1)C10 + iε1C00, (12)
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0 = (∆2− iκ2)C01 + iε2C00, (13)

0 = (2∆1 +2U− i2κ1)C20 + i
√

2ε1C10, (14)

0 = (2∆2− i2κ2)C02 + i
√

2ε2C01, (15)

0 = (∆1 +∆2− iκ1− iκ2)C11 + iε2C10 + iε1C01. (16)

Under the weak driving conditions (εi � {κ1,κ2}), we
have C00 ≈ 1�{|C10|, |C01|} � {|C20|, |C02|, |C11|}. By set-
ting ∆1 = 0 and ε1 = ε , we have ∆2 = δ and ε2 = ε

√
κ2/κ1

for the same driving power on the two cavities. Thus, the ex-
pressions of the probability coefficients are given by

C10 =
ε

κ1
, (17)

C01 =
−iε

δ − iκ2

√
κ2

κ1
(18)

for single-photon states, and by

C20 =
−i

U− iκ1

ε2
√

2κ1
, (19)

C02 =−
1√
2

κ2

κ1

ε2

(δ − iκ2)
2 , (20)

C11 =−
iε2

κ1 (δ − iκ2)

√
κ2

κ1
(21)

for two-photon states.
Based on the probability coefficients, the output photon

intensity Nout/κ and second-order correlation function g(2)out(0)
can be expressed as

Nout ≈
1
2

∣∣∣√κ1C10 +
√

κ2 e iφC01

∣∣∣2 , (22)

g(2)out (0)≈
2
∣∣∣κ1C20 +

√
2κ1κ2 e iφC11 +κ2 e i2φC02

∣∣∣2∣∣√κ1C10 +
√

κ2 e iφC01
∣∣4 . (23)

The optimal conditions for photon blockade are obtained from

κ1C20 +
√

2κ1κ2 e iφC11 +κ2 e i2φC02 = 0, (24)

and they are given by

δopt

κ2
≈±

√ √
2U/κ1−U/κ1

1−
√

2U/κ1 +U/κ1
, (25)

φopt = arg
[
−
(

1+ i
δopt

κ2

)(
1− e i π

4

√
U
κ1

)]
, (26)

for the weak nonlinearity U � κ1.
To understand the conditions for photon blockade in-

tuitively, the probability coefficients of two photons in the
cavities (C20, C11, and C02) and in the output field (C20 +

e iφ
√

2C11 + e2iφC02) are shown in Fig 1(e), with the parame-
ters (κ1 = κ2 = κ , δ ≈−0.47κ , φ = 0.824π , U/κ = 0.02) for
minimal of g(0)out. In addition, when κ1 6= κ2 (see Appendix A),
we find that δopt linearly depends on the decay rate κ2 of cavity
mode 2, but φopt is independent of κ2, which agree well with
Eqs. (24)–(26).

4. Quantum sensing based on photon blockade

We know that both the output photon intensity Nout/κ and
the second-order correlation function g(2)out(0) depend on sys-
tem parameters such as the phase φ and the detuning δ , as
shown in Fig. 2. From the figure, we can see that the phase
interval ∆φ of the second-order correlation function from its
minimum value g(2)out(0) = 0.0044 (antibunching) to its max-
imum value g(2)out(0) = 7.15 (bunching) is about ∆φ ≈ π/20,
which is much narrower than the phase interval (∆φ ≈ π) from
the maximum to minimum value of the output photon inten-
sity Nout/κ . The frequency interval ∆ω between the maxi-
mum value g(2)out(0) = 1.91 (bunching) and the minimum value
g(2)out(0) = 0.0044 (antibunching) is about ∆ω ≈ 0.18κ , which
is also much narrower than the frequency interval (∆ω ≈ 2.4κ)
from the maximum to minimum value of Nout/κ . That is, the
second-order correlation function g(2)out(0) is much more sensi-
tive to the parameters than the output photon intensity Nout/κ .
This interesting effect can be understood by the fact that under
the weak driving condition, the change of g(2)out(0) mainly orig-
inates from destructive interference among the three paths for
two photons passing through the system [see Eq. (23)]; while
the output photon intensity Nout/κ depends on the interference
between the two paths for one photon passing through the sys-
tem [see Eq. (22)]; in special parameter region, the interfer-
ence among the three paths for two photons is much more sen-
sitive to the parameters than the interference between the two
paths for one photon. Such effect provides us the key mech-
anism for sensitive sensing based on the second-order corre-
lation. As examples, here we will propose two schemes to
realize angular velocity sensing and temperature sensing, re-
spectively, by measuring the second-order correlation of the
photons output from the MZI.

(a)

(b)

(c)

(d)

δ/κφ/π

Dφaπ/20

Dφaπ Dωa2.4κ

Dωa0.18κ

N
o
u
t/
κ

g
(2
) (
0
)

o
u
t

Fig. 2. The output photon intensity Nout/κ and second-order correlation
function g(2)out(0), (a), (b) versus phase φ/π with detuning δ/κ ≈−0.47,
and (c), (d) versus δ/κ with φ = 0.824π . The other parameters are the
same as those in Fig. 1(d).
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4.1. Angular velocity sensing (gyroscope)

As a specific example, we consider the case in which
the platform rotates with an angular velocity Ω as shown in
Fig. 3(a), which leads to an additional phase difference ∆φ be-
tween the two beams as

∆φ =
4πA
λ0c

Ω , (27)

where A is the area enclosed by the optical paths, λ0 is the
wavelength of the incident light, and c is the speed of light in
vacuum. We set the phase difference φ0 = 0.85π for the plat-
form to zero in the steady state, so we have the total phase
difference φ = 0.85π + ∆φ for the system rotating with an
angular velocity Ω . In the following numerical calculations,
we take the parameters:[108] incident light with a wavelength
of λ0 = 1550 nm, and two fiber coils with the same length
L = 5 km and diameter D = 40 cm, i.e., the total effective area
is A = (2×L×D)/4 = 103 m2. The two optical cavities are
formed between the two fiber-mirrors.[109]
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Fig. 3. (a) The scheme to sense the angular frequency Ω by measur-
ing the second-order correlation function g(2)out(0) of the output photons.
(b) The output photon intensity Nout/κ and second-order correlation
function g(2)out(0) versus Ω . (c) The sensitivities ηn,Ω and ηg,Ω versus
Ω . The parameters are the same as those in Fig. 1(d).

The output photon intensity Nout/κ and second-order cor-
relation function g(2)out(0) are plotted as functions of the angular
velocity Ω in Fig. 3(b). We can see that the second-order cor-
relation function g(2)out(0) is much more sensitive to changes in

the angular velocity Ω than the photon intensity Nout/κ . To
characterize the sensitivity of Nout/κ and g(2)out(0) to changes
in the angular velocity Ω , we can define the sensitivity coeffi-
cients as

ηn,Ω =
dNout/κ

dΩ
, (28)

ηg,Ω =
dg(2)out(0)

dΩ
. (29)

The sensitivities ηn,Ω and ηg,Ω are plotted as functions of the
angular velocity Ω in Fig. 3(c). The maximal value of ηg,Ω

is about four orders of magnitude greater than that of ηn,Ω .
It is known that the rotational angular velocity of the Earth is
about Ωearth = 7.3× 10−5 rad/s, and we have g(2)out(0) = 2.79
for Ω = 0 and g(2)out(0) = 2.97 for Ω = Ωearth. We note that
the detection of the second-order correlation of photons has
been widely used to test the performance of single-photon
sources,[110] and the standard deviation of the second-order
correlation function smaller than 0.01 is within the reach of
current technology.[111–113] Thus we can detect the rotation of
the Earth by measuring the second-order correlation function
g(2)out(0) of the photons output from the MZI.

4.2. Temperature sensing

In this subsection, we consider a dielectric layer in the
cavity a2 as shown in Fig. 4(a), and discuss how to measure
the change in temperature based on the thermal effect. Such
a setup can be realized with a dielectric membrane placed be-
tween two macroscopic, rigid, high-finesse mirrors, which has
been widely used to investigate the coupling between macro-
scopic mechanical resonators and the electromagnetic field
through radiation pressure, also known as the “membrane-
in-the-middle” optomechanical system.[114–117] Moreover, the
Fabry–Pérot (FP) cavity can also be formed between the ends
of two single-mode optical fibers with smooth concave depres-
sions machined using a laser ablation technique, and the di-
electric membrane can be held in a fixed mount attached to a
piezoelectric scanner, providing linear motion along the axis
of the FP cavity.[118–120] Due to thermal expansion, the thick-
ness of the dielectric layer changes as

d(T ) = d0 (1+α∆T ) , (30)

where d0 is the thickness of the dielectric layer at a reference
temperature, α is the thermal expansion coefficient, and ∆T is
the temperature variation. In addition, because of the thermal-
optical effect, the refractive index also depends on the temper-
ature as

n(T ) = n0 (1+β∆T ) , (31)

where n0 is the refractive index at a reference temperature and
β is the thermal-optic coefficient. Based on these two factors,
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the frequency shift of the cavity a2 is given approximately as

δth ≈−ω2

[
n0d0

L
β +

(n0−1)d0

L
α

]
∆T, (32)

where ω2 is the eigenfrequency of the cavity a2 at a refer-
ence temperature with a cavity length L. Under the con-
dition that ω2 − ω1 = −0.56κ , we have the detuning δ =

−0.56κ + δth. As a simple example, we consider the dielec-
tric layer as a SiO2 layer, with the typical parameters:[121,122]

α = 5.5×10−7 ◦C−1, and β = 1.0×10−5 ◦C−1, n0 = 1.45 at
the reference temperature 25 ◦C, λ0 = 1550 nm, ω2 = 2πc/λ0,
and ω2/κ = 107. The other parameters are d0 = 0.01 mm and
L = 1 mm.
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Fig. 4. (a) The part of cavity mode 2 for the temperature measurement,
and all other parts are the same as those in Fig. 1(a). (b) The output
photon intensity Nout/κ and second-order correlation function g(2)out(0)
versus ∆T . (c) The sensitivities ηn,T and ηg,T versus ∆T . The parame-
ters are the same as those in Fig. 1(d).

The output photon intensity Nout/κ and second-order cor-
relation function g(2)out(0) are plotted as functions of tempera-
ture variation ∆T in Fig. 4(b). We can see that the second-
order correlation function g(2)out(0) is much more sensitive to
the variation of the temperature ∆T than the output photon in-
tensity Nout/κ . To characterize the sensitivity of Nout/κ and
g(2)out(0) with respect to ∆T , we can define the sensitivity coef-
ficients as

ηn,T =
dNout/κ

dT
, (33)

ηg,T =
dg(2)out(0)

dT
. (34)

The sensitivities ηn,T and ηg,T are plotted as functions of the
temperature variation ∆T in Fig. 4(c). The maximal value of
ηg,T is about 28 ◦C−1, which is 3×103 times greater than the
maximal value of ηn,T .

5. Conclusions
In this paper, we propose schemes to achieve sensitive

sensing based on the UPB appearing in a narrow range of pa-
rameters. We demonstrate that UPB can be achieved in the
mixed-field output from the two cavities, in the two arms of an
MZI, even in the weak nonlinear regime. Based on the UPB,
we propose schemes to realize angular velocity and tempera-
ture sensing by measuring the second-order correlation of the
photons output from the MZI, and show that the second-order
correlation of the photons is much more sensitive to the system
parameters than the mean photon number. On the one hand,
our work provides a new perspective for using UPB in practi-
cal sensing applications; on the other hand, we propose a pos-
sible strategy to realize sensitive sensing based on the quantum
correlation properties of an optical field with a very weak driv-
ing strength. In this strategy, the measurement processes are
realized by using single-photon detectors, rather than a spec-
trometer, which at least provides a supplementary solution to
traditional sensing schemes. Finally, a number of potential
limitations of the sensing schemes based on the second-order
correlation need to be considered. First, the sensing region
through the second-order correlation is much narrower than
that of the photon intensity. Second, the angular velocity and
temperature resolution is limited by the measuring instruments
of the second-order correlation. These limitations, however,
point to the following directions for future research.

Appendix A: Numerical results for different U
and κ2

Here, we will investigate the effect of the nonlinear
strength U and the difference between κ2 and κ1 on the
second-order correlation. log10[g

(2)
out(0)] versus phase φ/π and

detuning δ/κ for different U are shown in Figs. A1(a) and
A1(b). Through comparison of the results for different U ,
i.e., Figs. 1(b), A1(a), and A1(b), we find that, besides the
optimal detuning δ/κ and phase φ/π for photon blockade be-
ing different, g(2)out(0) < 1 can be achieved in a wider region
by a larger nonlinear strength, which is positive for realizing
single-photon sources. However, g(2)out(0) is more sensitive to
the parameters of the system for a weaker nonlinear interaction
strength, which is more suitable for sensitive sensing.

The second-order correlation log10[g
(2)
out(0)] for κ2 6= κ1 =

κ is shown in Figs. A1(c) and A1(d). Specifically, the optimal
detuning for photon blockade is δ/κ =−0.42 for κ2 = 0.9κ1

[Fig. A1(c)], δ/κ = −0.47 for κ2 = κ1 [Fig. A1(b)], and
δ/κ = −0.52 for κ2 = 1.1κ1 [Fig. A1(d)], which show that
the optimal detuning for photon blockade linearly depends on
the decay rate κ2. In contrast, the optimal phase for photon
blockade is the same (φ/π = 0.824) for different κ2. These
numerical results agree well with Eqs. (24)–(26). Moreover,
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there is no significant difference in the parameter range for
g(2)out(0)< 1 with |κ1−κ2|< 0.1κ1, which means that the main
conclusions in the main text still work when a slight difference
is present between the two decay rates.
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Fig. A1. The second-order correlation log10[g
(2)
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Estève J 2018 Phys. Rev. Lett. 121 043602

[72] Liu Z H and Xu X W 2024 Phys. Rev. A 110 063705
[73] Born M and Wolf E 2019 Principles of Optics: 60th Anniversary Edi-

tion 7th ed (Cambridge University Press)
[74] Terrel M, Digonnet M J F and Fan S 2009 Appl. Opt. 48 4874
[75] Khial P P, White A D and Hajimiri A 2018 Nat. Photon. 12 671
[76] Zhao Y, Zhao H, Lv R Q and Zhao J 2019 Opt. Lasers Eng. 117 7
[77] Chow W W, Gea-Banacloche J, Pedrotti L M, Sanders V E, Schleich

W and Scully M O 1985 Rev. Mod. Phys. 57 61
[78] Stedman G E 1997 Rep. Prog. Phys. 60 615
[79] Li R, Fan W, Jiang L, Duan L, Quan W and Fang J 2016 Phys. Rev. A

94 032109
[80] Ren J, Hodaei H, Harari G, Hassan A U, Chow W, Soltani M,

Christodoulides D and Khajavikhan M 2017 Opt. Lett. 42 1556
[81] Li J, Suh M G and Vahala K 2017 Optica 4 346
[82] Sunada S 2017 Phys. Rev. A 96 033842
[83] Li K, Davuluri S and Li Y 2018 Sci. China Phys. Mech. Astron. 61

90311
[84] Carlo M D, Leonardis F D, Lamberti L and Passaro V M N 2019 Opt.

Lett. 44 3956
[85] Lai Y H, Lu Y K, Suh M G, Yuan Z and Vahala K 2019 Nature 576 65
[86] Hokmabadi M P, Schumer A, Christodoulides D N and Khajavikhan M

2019 Nature 576 70
[87] Mao X, Qin G Q, Yang H, Zhang H, Wang M and Long G L 2020 New

J. Phys. 22 093009
[88] Zhang H, Peng M, Xu X W and Jing H 2022 Chin. Phys. B 31 014215
[89] Li K, Davuluri S and Li Y 2018 Chin. Phys. B 27 084203
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