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We investigate statistics of the photon (phonon) field undergoing linear and nonlinear damping processes. An
effective two-photon (phonon) nonlinear “cooling by heating” process is realized from linear damping by spectral
filtering of the heat baths present in the system. This cooling process driven by incoherent quantum thermal noise
can create quantum states of the photon field. In fact, for high temperatures of the spectrally filtered heat baths,
sub-Poissonian statistics with strong antibunching in the photon (phonon) field are reported. This notion of the
emergence and control of quantumness by incoherent thermal quantum noise is applied to a quantum system
comprised of a two-level system and a harmonic oscillator or analogous optomechanical setting. Our analysis
may provide a promising direction for the preparation and protection of quantum features via nonlinear damping
that can be controlled with incoherent thermal quantum noise.
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I. INTRODUCTION

The generation and manipulation of the quantum states
of light and matter are the quintessence of quantum tech-
nologies [1-3]. The antibunching phenomenon is a dramatic
demonstration of the corpuscular behavior of quantum fields
[4,5]. The paradigmatic system where antibunching has been
proposed [6] and observed is cavity QED [7-9]. Photon an-
tibunching has also been realized in circuit QED [10,11] and
photonic crystals [12]. A manifestation of photon antibunch-
ing is photon blockade, in which the presence of a single
photon in a resonator hinders the transmission of the second
one [6]. The physical mechanism behind the photon blockade
is nonlinear light-matter interaction making the energy-level
spacing anharmonic [7]. Other systems, such as circuit QED
[13], cavity QED [14], optomechanical resonators [15-18],
and cavity-emitter systems [19-22], were proposed to realize
photon blockade as well. More recently, the possibility of
antibunching of phonons in optomechanics has attracted much
attention [23-26].

Conventional photon blockade occurs when a coherent
light enters an optical medium with nonlinearity stronger
than the dissipation so that anharmonic level spacing between
single and two-photon transitions can be resolved beyond
their linewidths; the output of such a system exhibits pho-
ton antibunching and can be used as a single-photon source
[27]. The photon blockade effect was demonstrated in var-
ious systems, including cavity QED [7] and circuit QED
[10]. To alleviate the requirement of large nonlinearity, an al-
ternative, so-called unconventional photon blockade strategy
of using quantum interference of different excitation path-
ways was considered [28—30] in multimode driven-dissipative
systems. Phonon antibunching has been mainly discussed
in optomechanical oscillators [31], hybrid nanomechanical
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resonator systems [32], and micro or nanoelectromechanical
resonators [33], where thermal fluctuations decrease the anti-
bunching effect, and at high temperatures, phonons become
completely bunched. Analogous to photons, both conven-
tional and unconventional routes to phonon blockade were
proposed. Destructive interference of two-phonon excitation
pathways can be used for phonon blockade in nanomechanical
resonators [34] or weakly coupled mechanical oscillators [35].
Still, it is restricted to ultracold temperatures as the phonon
blockade is highly fragile with thermal noise.

In this paper, we ask if the quantum interference for uncon-
ventional phonon or photon blockade can be realized between
the dissipative pathways, and more significantly, if such a
mechanism can be more pronounced at higher temperatures.
We present positive answers to these questions by a simple
filter engineering of the thermal bath spectrum, which can
be significant for high-temperature single-photon and phonon
sources that can operate solely by thermal noise. Specifically,
we propose an unconventional photon/phonon antibunching
scheme based on the “cooling by heating” [36,37] method,
where spectral filtering of the thermal baths results in an effec-
tive two-photon or phonon damping. Bath spectrum filtering
has previously been shown to enhance the performance of
certain thermal tasks [37—44]. In addition, various interesting
quantum effects induced by mere thermal driving in quantum
optical systems have been proposed, such as lasing in quantum
heat engines [45—48].

Our scheme is applicable to both photon and phonon
antibunching. We consider two example generic models to
show the validity of our scheme. The first model describes a
harmonic oscillator coupled to a two-level system; the sec-
ond model consists of two resonators with optomechanical
coupling. These models can be realized with the electrome-
chanical [24,49] or circuit QED setups [50,51], where the
resonator fields correspond to either photons or phonons,
respectively. We find high temperatures make the antibunch-
ing stronger. Antibunching is a paradigmatic signature of
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“quantumness” [52] whose emergence at higher temperatures
is fundamentally significant. In addition, the elimination of
the degrading effects of thermal noise on single-photon and
phonon sources can make our results significant for practical
quantum technology applications also. We explain our coun-
terintuitive results using quantum interference of dissipative
pathways and bath spectrum engineering, making the two-
photon decay the dominant mechanism of dissipation.

In addition to the capacity of the high-temperature opera-
tion, there are other critical differences between our scheme
and the previous proposals [27] on antibunching induced by
two-photon absorption (cooling). (i) In our scheme, the an-
tibunching of either photon or phonon field can be realized
contrary to previous proposals that were limited to photon an-
tibunching. (ii) We get effective nonlinear damping from the
linear system-bath couplings by employing a bath spectrum
filter. (iii) Our scheme is based on cooling by heating [36,37]
in which mere incoherent thermal drive produces a cooling ef-
fect. Accordingly, the rate of this cooling process can be tuned
by the temperatures of the thermal baths. In previous pro-
posals, such control was impossible because the environment
needed to be considered at zero temperature to realize cooling.
(iv) Our proposal can be realized using different platforms, for
example, circuit QED [50,53,54], electro-mechanical systems
[49], and various realizations of optomechanical systems [55].

The rest of the paper is organized as follows. In Sec. II
we present the model system and Sec. III describes the model
analysis. In Secs. IIT A and III B we derive the master equation
and Fokker-Plank equation for the system, respectively. The
results of two-photon cooling by heating and antibunching are
presented in Sec. IV. Finally, conclusions of this paper are
given in Sec. V.

II. MODEL SYSTEM

We consider a setup consisting of two subsystems interact-
ing via longitudinal coupling, i.e., the energy of subsystem
A is coupled to the field of the B. In addition, subsystem A
is coupled to two independent thermal baths of temperatures
Ty—n.c and B is coupled to a single thermal bath of temper-
ature Tg. The schematic illustration of the model is shown in
Fig. 1(a). The total Hamiltonian of the system can be written
as (wetake i = 1)

Hy = Hap + HEf + ﬁAfE,, + ﬂBfE,p (D

Here, the first term represents the energy of the isolated sys-
tem A + B. The free Hamiltonian of the independent thermal
baths is given by the second term

Hg =Y o é] o )
k.j

Here, ¢ ; (6Z,i)’ and wy ; is the annihilation (creation) op-
erator, and frequency of the kth bath mode, respectively. In
Eq. (2), the sum is taken over the infinite number of these
modes indexed by k, and j = H, C, and R represents the ther-
mal baths coupled to subsystem A and B, respectively. The
interaction of the isolated system (S = A + B) with the baths
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FIG. 1. (a) Model description. Our proposal is based on two
subsystems A and B interacting via an energy-field (optomechanical-
like) interaction. The isolated system A + B may have one of the
following forms: (i) subsystem A is a two-level system coupled to
a resonator B. For example, a qubit longitudinally coupled to a
microwave resonator [50,51]. (ii) Both subsystems A and B are res-
onators coupled via an optomechanical-like interaction. For example,
an optical cavity mode A coupled to a micromechanical resonator B
[55]. The subsystems B and A are coupled to one and two thermal
baths, respectively. All the baths are independent and can attain
any finite nonnegative temperature. (b) Spectrally separated baths
spectra. Gy and G are the filtered baths spectra of the hot and
cold baths, respectively. The center and width of the spectra can
be controlled by filter frequency and system-baths coupling rates,
respectively. w, and w, are the frequencies of subsystems A and B,
respectively, and w_ = w, — 2w,

is given by
Hs g, = gral@+a) o+ ,)
k,a
+ ) ger(b+ b )@ + ¢ ). 3)
k,R

a (@h, and b (3*) being the annihilation (creation) operators
of subsystems A and B, respectively.

The Hamiltonian H_ 5 of the isolated system may have one
of the following forms. (i) If the energy of a two-level system
(A) is coupled to a resonator (B) via its longitudinal degree of
freedom [49-51], then

ﬁAJrB = %waé'z + wbETI; + gé’z(g + ET)» 4)

with o, (wp) being the frequency of the two-level system
(resonator) and g is the coupling strength between the two-
level system (TLS) and resonator (R). In this case, a'” is
replaced by the respective Pauli operators 6_(4) in Eq. (3).
This longitudinal spin-boson interaction between a qubit and
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a resonator can be realized in the circuit QED [50,51] or in the
electromechanical systems [24,49]. In the case of circuit QED,
subsystem B is a single electromagnetic mode of a microwave
resonator, and in the electromechanical system, it is a mode
of nanomechanical resonator. Accordingly, subsystem B can
be a photon or phonon mode depending on the choice of the
system. (ii) If A and B are both resonators and interact via
optomechanical coupling, then

Hiip = waa'a + wpb'b — ga'a(b + bY). (5)

Typically, subsystem B is a micromechanical resonator in
the optomechanical systems [55], accordingly B represents
a phonon mode. However, the optomechanical-like coupling
has been theoretically proposed [56] and experimentally real-
ized in the circuit QED [53,54], where both A and B represent
the photon modes. Optomechanical-like coupling can be re-
alized in various setups including microtoroids [57], levitated
particles [58], and cavity magnomechanical system [59].

We note that our scheme is valid in general for a system
in which A and B modes interact dispersively through the
Hamiltonian 1-7A+B = g]%)? , where Ny = ;1—7A with ¢ being a
positive constant, and X is observable of mode B.

III. MODEL ANALYSIS

In this section, we shall analyze the model proposed in
the previous section by deriving the master equation and as-
sociated Fokker-Plank equation of the reduced subsystem B.
In our analysis, we consider parameters based on the circuit
QED realization of the isolated system 1-7A+B [49,50] unless
otherwise stated: w, = 27 x 10 GHz, w, = 27w x 500 MHz,
kp = k. = 2w x 200 MHz, k;, = 27 x 1 KHz, and g = 27 X
20 MHz. The numerical results are obtained using PYTHON
open-source package QUTIP [60]. In a recent experimental
work, it was demonstrated that the single-photon coupling g
can be reached to 10% of the maximum decay rate in the
system [54]. Hence, a strong coupling regime can be real-
ized within the state-of-the-art experimental setups. In what
follows, we consider the TLS-R system for the illustration of
our scheme, similar results can also be obtained for the R-R
interaction.

A. Master equation

To derive the master equation, we first diagonalize the
isolated system Hamiltonian Hyp using the transformation
[40,44,61]

U= e—nfr:(ff—fr)’ (6)

here n = g/wy. The diagonalized Hamiltonian shows mode A
and B frequencies are unaffected:

H = w,6,6_+ w,b'b— é. (7
wp

The transformed operators are given by
~ JR S
G- =6_¢"0P, ®)

b=b—né,. )

The master equation can be derived by transforming these
operators into the interaction picture followed by the stan-
dard Born-Markov and secular approximations. In addition,
by ignoring all higher-order terms O(n*), the resulting master
equation is given by [40,44,62]

[;—f = Lo=n.c + Lk, (10)

here ljazch and Ly are the Liouville superoperators for the
hot, cold, and resonator B baths, respectively, and given by

Lo = Go(w,){DI5_]1 + n’D[6_b"D])
+ Go(—w){DI64] + +n’DI6.bbl}
+ > "™NGolwy — nep)D[E_b™]

n=1,2
+ Go(—w, + nawy)D[64.5"]
+ Gy(w, + nwp)D[6_D"]
+ Go(—w, — nwy)D[G1b™1}, (11)

L = Gr(wp)D[b] + Gg(—w3)D[b]. (12)
Here D[0] is the Lindblad dissipator defined as
D[5] = 1(26pd" — po'o — 6'op), (13)

and G;(w) is the bath spectral response function. In this work,
we consider one-dimensional Ohmic spectral densities of the
baths, given by

k(@)1 +7j(w)],
kj(lwDiij(lw]),

Gyw) = { 2o a8
and G;(0) = 0 for the Ohmic spectral densities of the baths.
Here «;(w) denotes the system-bath coupling strength. The
mean number of quanta in the thermal baths is described
by ni(w) =1/ (e®/Ti — 1) (we take the Boltzmann constant
kg = 1).

Recall that in the case of TLS-R coupling, subsystem B
can be a photon mode of a microwave resonator [S0] or a
phonon mode of a micromechanical resonator [24,49]. In what
follows, we refer to B as a photon mode for convenience. It
has been shown previously [49,51] that if the modes A and B
interact via longitudinal coupling, i.e., g&z(f) + b%), a coher-
ent external drive of frequency w; = |w, £ nw;| on mode A
induces sideband transitions of the order n. This can be em-
ployed for the cooling of resonator B. For instance, a coherent
drive at the first lower sideband (v, = w, — wp) may lead to
the preparation of the vibrational ground state of B via dy-
namical back-action sideband cooling [57,63—66]. Similarly,
a coherent drive at the lower second-order sideband (w; =
w_ = w, — 2wy) leads to two-photon (phonon) cooling of the
resonator B [23,31]. The coherent drive at w_ results in an
effective parametric amplifier Hamiltonian g(6_b'2 + 6,.b%).
It is known to destroy two quanta in the mode B by adding
an excitation in the pump mode A, which leads to two-photon
cooling process [23]. In addition to cooling, such Hamilto-
nians can be exploited to change the statistical properties of
the mode B from super-Poissonian to sub-Poissonian [23,31],
generation of a macroscopic superposition state [67,68], and
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realization of the photon or phonon blockade [24,69,70]. In
all these proposals, the two-photon process needs to dominate
the one-photon processes [71,72].

In our scheme, there is no coherent source, instead, the
TLS is driven by two incoherent drives. Due to the presence
of these thermal drives and longitudinal interaction between
TLS-R, both the upper and lower photon sidemodes are
present in the master Eq. (11). By analogy with the coher-
ent two-photon process, we may want to drive the TLS at
the second lower sideband and suppress all other sidebands
in Eq. (11). Consequently, the two-photon absorption (cool-
ing) process dominates the two-photon emission (heating),
one photon absorption, and emission processes. This can
be achieved using a quantum reservoir engineering method
namely bath spectrum filtering [37-41,43,44,73]. To this end,
we consider the filtered bath spectra of the hot and cold baths
shown in Fig. 1(b). The hot thermal bath plays the role of a
coherent drive. It couples only to a transition frequency of w_
and coupling to all other transition frequencies is negligible
due to bath filtering. Contrary to the coherent two-photon
cooling process, in which the driving mode has a single in-
coherent environment, we require an additional thermal bath
coupled to TLS (see Fig. 1). The need for the additional cold
bath is imposed by the second law of thermodynamics [37].
This bath can only induce the transition of frequency +w,.

If we consider baths spectra shown in Fig. 1, the master
Eq. (11) reduces to

Le = Ge(wa)(DIG-1+ 1’ DI5-b'b])
+Ge(~wa){DI64] + n*DI&.bbl},
Ly = n*(Gy(o-)D[6-b™] + Gy (—w_)D[5,5*]),
Lr = Gr(wy)DIb] + Gr(~wp)DI']. (15)
The bath spectral density of the resonator heat bath is not
filtered, accordingly, the Liouville superoperator L remains

unchanged. The filtered bath spectrum G,(w) is given by
[40,43,73]

S 2
G = Ka [7 Gy (w)] ’ (16)

T {a) — [a)ﬁ + Ag(a))]}2 + [1Gy(w)]?

with «J being the coupling rate of the TLS with the filter
and ], is the bath spectrum resonance frequency. The modes
closer to the resonance frequency are more strongly coupled
to the system. The bath-induced Lamb shift is given by

AL (w) =P/wdw’w, (17)
0

/

with P being the principal value.

B. Focker-Plank equation

It can be advantageous to map the quantum master Eq. (15)
into a classical stochastic process with appropriate phase
space representation. This can be done by deriving a Focker-
Plank equation from Eq. (15). We are interested in the
dynamics of the resonator, therefore upon taking the trace over
the TLS, the reduced master equation for the resonator takes

the form

dp ~ ~
d_/; =T, D[*] + I'4D[b™]

+ 7Dl + i DIb) + yaD[b'D),  (18)
here the coupling rates are defined by
L= n’Gu(-0)@: + 1), Ty i=n’Gy(w-)(5),
vy = Grlwp), vt :i= Gr(—wp),
va =1 (Gc(@a)(62) + Ge(—wa) (6 + 1)) 19)

I'y (yy) and I'y (y4) are the two (one)-photon cooling and
heating rates, respectively. The exact analytical solution of
Eq. (18) can be found in the limit ") /I’y < 1 and by ignor-
ing the dephasing y; [71,72]. Under these approximations,
Eq. (18) can readily be transformed into a Fokker-Plank
equation [31]

d
=—Z—[F(;) PQ@)+ = Za; o HOLPE),
i 06j

(20)
here ¢ = (i, u*) and
1 2, %
—skput — Ty
F(¢)= [ e *2} @1
—skpp” — Ty
—F¢M2 — belb:|
H() = v o | 22
) |:_Kbnb T, (22)

F(¢), and H(¢) is the drift vector and diffusion matrix, re-
spectively. In our scheme, in the limit 7y > Tx > T¢, and
Te ~ 0, two-photon amplification becomes negligibly small
compared to the two-photon cooling, i.e., I'y < I'}. Accord-
ingly, Eq. (20) can be used to analyze the dynamics of the
resonator in this regime. A comparison between the results
obtained from the numerical simulation of the full master
Eq. (15) and analytical results from the Fokker-Plank Eq. (20)
are presented in the next section.

IV. RESULTS

A. Two-photon (phonon) cooling

If we employ bath spectrum filtering and consider the baths
spectra of the hot and cold baths as shown in Fig. 1(b), the
resonator can be cooled by the two-photon cooling process.
This is only possible if the system parameters are consid-
ered in the limit Ty > Tz > T and ki, < I'y. For these
system parameters, two-photon amplification and one-photon
processes due to the resonators’ bath become much smaller
than the two-photon cooling rate I' ;. In the cooling process,
two quanta of energy is removed from the resonator and it
is dumped into the cold bath. The energy required for this
process is provided by the hot bath, and this process results
in the cooling of the resonator. The preceding analysis is
confirmed by Fig. 2, in which the stationary mean photon
number of the resonator is plotted as a function of the hot bath
temperature Ty for different thermal occupation number 7ip,.
The increase in Ty results in the increase in the two-photon
cooling rate I'y that leads to the cooling of the resonator. For
high temperatures Ty > {w,, wp, Tg}, nonlinear two-photon
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10!

100 L

FIG. 2. Two-photon cooling. Stationary mean phonon number
(E*f)) of the resonator as a function of the hot bath temperature 7,
obtained by the numerical solution of the full master Eq. (15) for dif-
ferent thermal occupation number #i,,: 71, = 5 (solid red line), 71, = 10
(dashed black line), i1, = 15 (dot-dashed green line), and 7, = 20
(dotted yellow line). The other parameters are w, = 1, w, = 0.05,
g=10.005, «, =0.02, k. = 0.02, k, = 0.0002, and T. = 0. All the
parameters are scaled with the TLS frequency w, = 2w x 10 GHz.

cooling is the dominant source of damping in the system.
Contrary to one-photon cooling [44], the ground-state cooling
is not possible via two-photon cooling process [23].

In the limit of strong two-photon cooling rate and weak
one photon linear damping, i.e., ki, < I', only the ground
and first excited states of the resonator are significantly pop-
ulated. It is because of the nature of two-photon process. All
the components of the odd-photon-number state collapse to
the first excited state and the even numbers to the ground
state [74]. In the limit of the strong two-photon cooling rate,
the populations of the ground and first excited states can be
evaluated from Eq. (20) and given by [23,31]

N 3, + 1
T a1
7ip
4flb+1‘

P(0)

P(l) =~

(23)

A comparison of the numerical results of photon-number
distribution P, calculated by solving the full master Eq. (15)
and analytical results [Eq. (23)] is presented in Fig. 3. Our
numerical results show a good agreement with the analytical
results. We find that the sum of the probabilities of the mea-
suring photon in the ground and first excited state Py + P is
almost one.

B. Photon (phonon) antibunching

We now proceed to analyze the photon statistics of the
resonator. To this end, we employ a second-order correlation
function defined for the stationary state

(b (0)b" (7)b(7)b(0))
(b7 (0)b(0))>

£) =

(24)

0.8

o
o

Occupation probability
o
D

0.4
02| o _
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0.2 wat
0.0 : ‘ ‘
0 1 2 3 4

Fock number

FIG. 3. Photon-number distribution P, for high temperatures.
Dark and light blue bars represent photon statistics obtained by the
numerical solution of the full master Eq. (15), and analytical solution
[Eq. (23)] evaluated from Fokker-Plank Eq. (20), respectively. The
inset shows probabilities of measuring n photons as a function of
scaled time w,t. Dotted red, dot-dashed blue, and solid black lines
are for Py, P, and Py + Py, respectively. The dashed green line shows
total sum Zn P, = 1. The other parameters are w, = 1, w, = 0.05,
g =0.005, k;, =0.02, k. = 0.02, «, = 0.0002, 2, =5, T. = 0, and
T, = 2. All the parameters are scaled with the TLS frequency w, =
2w x 10 GHz.

with 7 being the delay time between two measurements.
According to this standard definition, the photon field is
antibunched (bunched) if g?(0) < g*(r) [g2(0) > g*(1)] for
positive delay time t > 0. For zero-time delay 7 =0 the
second-order correlation function provides information on the
photon sub-Poissonian and super-Poissonian statistics, and it
is defined as

£0) = . (25)

We refer to the statistics of the photon field being
sub-Poissonian (super-Poissonian) if 2(0) <1 [g2(0) > 1],
which indicates a nonclassical (classical) state of the pho-
ton field [75]. In addition, for a coherent source g(0) = 1.
We stress that, although antibunching and sub-Poissonian
photon statistics tend to occur together and reveal certain
quantum features of the photon state, these are not one and the
same [5]. The two-time photon correlations define bunching
and antibunching, while super-Poissonian and sub-Poissonian
statistics are given by single-time photon correlations.

In Fig. 4, we plot g*(0) as a function of the hot bath
temperature Ty for different thermal occupation number 7ip,.
The results are obtained by solving the the full master
Eq. (15). This figure confirms that starting from a super-
Poissonian statistics, photon field of the resonator attains a
sub-Poissonian statistics if driven by a heat bath at higher
temperatures. This indicates that sub-Poissonian statistics of
the photon field can be obtained in our scheme in the limit
Ty > Tg > Tc. We note that if the thermal damping of the
resonator is large 7, > I'|, then the second-order coherence
function g%(0) is always greater than 1, which indicates the
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FIG. 4. Antibunching and sub-Poissonian statistics. Steady-state
zero-time-delay second-order coherence function g (0) as a func-
tion of the hot bath temperature 7 for different thermal occupation
number #1,: i, = 5 (solid red line), 71, = 10 (dashed black line),
i, = 15 (dot-dashed green line), and 7i, = 20 (dotted blue line). The
inset shows the second-order correlation function g®(7) with a delay
time 7 as a function of scaled time w, t for different values of hot bath
temperature 7. The results are obtained by the numerical solution of
the full master Eq. (15). Red solid line and blue dashed lines are
for Ty = 0.1, and Ty = 1, respectively. The other parameters are
w, =1, w, =0.05, g=0.01, k, =0.02, k. = 0.02, x, = 0.0002,
and 7. = 0. All the parameters are scaled with the TLS frequency
w, = 27 x 10 GHz.

resonator is in a thermal state [31]. The second-order corre-
lations function with a delay time 7 is plotted in the inset of
Fig. 4 as a function of scaled time w,t. It shows that, for low
hot bath bath temperature Ty = 0.1, g*(0) > g*(t) (red solid
line) that indicates the absence of antibunching in the state of
the resonator. For higher temperature Ty = 1, gZ(O) < gz(r)

(blue dashed line) which reveals the quantum features of the
resonator state.

Our results are in agreement with the previously reported
works, which show that by using parametric amplifier in-
teraction g(ab'? + ath?) between the subsystems A and B,
the mode B can attain sub-Poissonian statistics provided a
sufficiently strong coupling rate between the two modes [31].
Alternatively, the dissipative two-photon absorption process
has been shown to change the statistics of the photon field
from super-Poissonian to sub-Poissonian [27].

V. CONCLUSION

We investigated statistics of the photon (phonon) field
under linear and nonlinear dampings in a coupled bipartite
system attached to three independent heat baths. It has shown
that a nonlinear two-photon (phonon) cooling-by-heating pro-
cess can be realized from the linear system-bath couplings.
This is achieved by employing bath spectrum filtering. For
high temperatures of these heat baths, strong photon (phonon)
antibunching and sub-Poissonian statistics are reported. Our
key result is that the antibunching in the photon (phonon)
field increased with the increase in spectrally filtered heat
bath temperature. This notion of emergence and increase in
quantumness by the environment temperature is applied to a
two-level system coupled longitudinally with a harmonic os-
cillator or analogous optomechanical system. The underlying
physical mechanism is explained by showing that the two-
photon cooling process is the dominant source of damping.
Our analysis may provide a possible route for the realiza-
tion of the thermally controlled nonlinear damping in the
quantum systems, and generation of profound quantum states
via cooling-by-heating schemes. The thermal environment
may destroy the quantumness of the quantum states of pho-
ton or phonon fields. Consequently, our results can be of
fundamental and practical interest for presenting a route to
high-temperature quantumness and single-photon or phonon
sources [76,77].
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