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In this framework, the effect of a Kerr-like medium and the coupling function de-
pendent on the number of photons operator on the interaction between a two-level
atom and a non-linear field is studied. A relation between the Kerr-like medium
parameter and the field-atom coupling parameter is used to obtain a simplified
formula for Rabi frequency. The wave function of the proposed model is obtained,
followed by the derivation of the phase distribution and from which the wehrl en-
tropy formula is calculated. The effect of the initial state and the non-linear func-
tion dependent on the number of photons operator and the Kerr-like medium on
entanglement is calculated through the Wehrl entropy formula, wehrl distribution
and the behaviour of photons by studying the correlation function. The entangle-
ment decreases when the function dependent on the number of photons operator is
taken into account, while the entanglement gradually improves when the squeezed
state is considered, and the entanglement decreases significantly when considering
the Kerr medium. An oscillatory distribution is formed between the classical and
non-classical in the coherent state. The non-classical distribution disappears when
considering the squeezed state and the Kerr-like medium.
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Introduction

It has been thoroughly investigated the importance of Kerr medium on the dynamical
properties of a quantum states of light. It has been defined that, the Schroedinger's cat states is
a superposition of coherent states which exhibit macroscopic properties for a large value of the
relevant complex amplitude in the phase space [1-5]. For a 3-D circuit quantum electrodynamic
structure, it has developed a Kerr regime that allows the interaction strength between the pho-
tons to exceed the loss rate [6]. This makes it easier to construct and manipulate superpositions
of coherent states, which in turn enables the production of multicomponent cat states in an
experimental setting. Tara et al. [7] it has been discovered that the coherent field propagating
through a Kerr medium in a coherent state lead to Schrodinger macroscopic superposition states
in addition the production superpositions of squeezed coherent states.

However, since they require lowering the variations of a single quadrature variable
below the ground state uncertainty, the compressed states of the harmonic oscillator have at-
tracted a lot of experimental attention. These states are critical for enhancing interferometer
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sensitivity in quantum metrology [8] and are also crucial for the new gravitational wave detec-
tion by high power laser interferometers [9]. The continuous variable quantum key distribution
techniques [10] likewise depend on the compressed states, and they impart [11] an improvement
over their coherent counterparts. Additionally, they have recently been employed as sensitive
detectors for single-photon level photon scattering recoil events [12]. Additionally, Giacomo
has researched the uncertainty relations for the Wehrl entropy and its link with quantum mem-
ory [13]. It is shown that the sequence of appropriate quantum Gaussian states asymptotically
achieves the smallest conditional Wehrl entropy can be obtained for all quantum states with a
given conditional von Neumann entropy. The dynamical behavior of the Wehrl entropy and its
phase distribution has been investigate in many quantum systems such as, single Cooper-pair
box in a cavity field in the presence of dissipation [ 14], field-superconducting under the effect of
decoherence [15], moving four-level atom [16] and recently, two atoms in a dissipative cavity
field under Kerr medium effect [17].

Entanglement, entropic uncertainty relations, and Wehrl entropy have recently been
connected for many quantum states [18]. A quantifiable perfect witness for pure state bipartite
entanglement may be obtained using the Wehrl mutual information, which also lowers the en-
tanglement entropy. However, the squeezed state is one of the non-classical electromagnetic
field states, and as a result, some observables show fewer fluctuations than for the vacuum state
[19-22]. It’s called the squeezed operator on the coherent state [19]. Many facets of squeezed
displaced Fock states (SDFS), including squeezing and photon statistics, have been explored
and researched [20]. The SDFS are a particular case of squeezed coherent states, squeezed num-
ber states [21], and two-photon coherent states (squeezed coherent states).

Recently, experimental reports have described the formation of non-classical states of
motion for trapped ions, including Fock states, coherent states, compressed states, and Schro-
dinger cat states [23-27]. Studies of certain superpositions of Glauber (ordinary) coherent states
have demonstrated sub-Poissonian statistics and quadrature squeezing [28]. Many researchers
have developed techniques for superimposing coherent states in experiments [29-38]. Joshi
and Obada [39] has explored the superposition of two binomial states as well as two negative
binomial states. The generating strategy and properties of the superposition of displaced Fock
states have been addressed [40]. On the other hand, research has been done on the superposition
of two SDFS with various coherent parameters [41].

In previous studies, it was found that the JCM is a valid and attractive source for its
more realistic applications in the field of information technology [42]. Most of the generaliza-
tions are based on the expansion of the number of photons transmitted or the multiplicity of
modes of the electromagnetic field [43, 44]. Non-linear geometric connections based on the
number of photons operator which are field distortion in several different modes are included
in the atom field coupling [45]. The non-linear formulas of the functions based on the photons
operator were linked to the group of SU(1,1) or SU(2), which revived the process of general-
izations with several advantages [46, 47]. The most important of which is the ease of obtaining
the solution of the normalsize Schroedinger equation and the description of most of the previ-
ous models in a simple framework [48]. Also, a Kerr-like medium has been included in many
models, because of its wide impact in measuring the amount of entanglement between quantum
systems, whether they contain one or several atoms [43, 49]. The interactions between the atom
and the field related to a single mode or several modes in the presence of stark shift have been
studied [50]. The Stark shift has a direct impact on the amount of entanglement between the
field and the atom [51].
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The dynamics of the system

In the current section, the system Hamiltonian which describes the interaction be-
tween the two-level atom and the cavity field with single-mode in the presence of Kerr-like
medium. The dynamics is described via Schrodinger equation:

dy)
i— L= H
i lw)
where the Hamiltonian, H, of such a system takes the form:
H=y AP L + g(NAT AL | +)(— |+ A A4 | (), (1)

where A* and 4 are creation and annihilation operators, respectively. The letter y is the Kerr-like
medium and g is the coupling constant.
The exact solution of the proposed system takes the form:

W)= A, mey+B, |n+lg)
where A4, and B, are the amplitude of the probabilities of the excited and ground states, respec-
tively. By using the Schroedinger equation:

Oly)
i——=H
ot 12
we can obtain the system of differential equations:

H|y)=(wpnd, + yn(n—-1)4,) | n,e) +
Heop(n+1)B, + yn(n+1)B,) | n+1,g)+ ()
+g((n+1)B, |n,e)+(n+1)A4, |n+1,g))

Now, equating coefficients in Schrodinger equation results:
d4
id_tn: (nwp + yn(n—-1))A4, + g(n+1)B, 3)

Also, we have:

idft” =((n+D)op + yn(n+1)B, +g(n+1)A4, (4)

Setting
h =nop + yn(n—=1),h, =(m+1)op + yn(n+1) and v=g(n+1)

egs. (3) and (4) become:
d
[——h |4, = VB
(l dr lj n Vb, (5)

d
< |- n,B, =v4
(ldtj 2%n vn (6)

Together reduces to:

d? d 2
y—l(hl+h2)a+hlh2—v An =0 (7)
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Similarly, for B, we have:

i-ﬁ-i(h +h )i—hh +v? B, =0 8
dt2 1 2 dt 1792 n ( )

Therefore, when wy = 2y and
=\ +g*(n+1)

we have the solution:

A,(¢)=q, (cos ut —ihsin ut) 9)
where
e X and g -2 €0lal
Vit +g ' a
Substituting in eq. (5) we obtain the solution for B,:
B, (t) = —ikq,, sin ut (10)
where
PR

N +1°
ZZ(A,, i+ B,B,) | nm|

The density matrix:

So,
(Blog | B =B A, |n) +|(B|B, |n)| (11)

Now, for
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Hence, the Husimi function reads:
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The phase distribution
The Wehrl phase distribution is given:

Sa:—IQ(ﬂ)an(ﬂ)lﬂldlﬂ\ (13)
0

So, for Husimi function (12) when ¢ = 0 we have:
% g praaipioso
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In this case, the Wehrl entropy is:
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Expressing the factor

© 27 2

2 2 al” cos*’0
e\(ll cos“0 as E la| ;
J=0 J:

and the error function:
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we can subsequently use the result:
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where £ is the beta function. So, for j + k= r we get:
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Finally, the second order correlation function is used to detect the non-classical be-
havior of the field during the interaction with a two-level atom under the effect of Kerr medium
and intensity dependent coupling. The second order correlation function can be expressed on
terms of the two quantities (4°4), and (4242) as [52]:
< a2 ;42>

(ay v
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(e T (f) T
Figure 1. The Wehrl entropy as function of tlme, where (a) x =0 , fln) = 1, r=0.001,
(b) x=0,fn)=(n+ 1)”2 r=0.001,(c) x=0 fiy=1,r=0.75, @x=0 , fin) = (n+1)"2,
r=10.75, (¢) x =0.75, filn) =1, r=0.001, and (f) y = 0.75, fin) = (n+ 1)'"2, r=0.7

The effect of the Kerr medium, the dependence on the number of photons in the cou-
pling and the initial state of the field on the entanglement between the field and the atom are
studied here. Figure 1(a) represents the S,,(¢) relation in the absence of the effect of both the Kerr
medium and the function of the dependence on the number of photons and the consideration
of the coherent state approximately (y = 0, f(n) = I, » = 0.001). The interaction begins with a
weak entanglement, followed by an entanglement that gradually increases in strength with in-
creasing time. The coherence stabilizes after a period of time and the amplitude of oscillations
decreases when the function S,(f) reaches its maximum values. The situation is quite different
when the dependence on the number of photons is taken into account f() = (n+ 1)"2, as shown
in fig. 1(b). An oscillating of entanglement function between maximum and minimum values
is formed in a recursive manner. Therefore, adding a function of dependence on the number
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of photons leads to a weak entanglement between the field and the atom. Fig.1c shows the
activation of the role of the initial state of the field (y = 0, f(1n) = I, » = 0.75). The interaction
begins almost from the state of separation, followed by the formation of the entanglement and
gradually grows. The function §,(7) needs a large period of time to reach the maximum val-
ues compared to the previous case. The entanglement improves significantly after taking into
account the photon dependence function f(n) = (n+ 1)"2. Moreover, the function S,,(7) reaches
both minimum and maximum values repeatedly, as can be seen from fig.1(d). Figure 1(e) shows
the effect of the Kerr medium on the entanglement between the field and the atom by setting
(x=0.75, f(n) = I,r= 0.5). The inclusion of the Kerr medium into the interaction cavity leads
to more weak entanglement, therefore, the function S,(¢) needs a large period of time to reach
the maximum state. The position changes completely after activating the role of the photon
dependence function. It is clear fig. 1(f) that a fluctuating entanglement between the minimum
and maximum values is clearly generated. Moreover, activating the role of the function S,,(7)
leads to more order and repetition of the function periodically.

(r,x)=(0.75,0)

(r,x)=(0.q1r.g) _ * N .

(r,x)=(0.01,05) ...

Figure 2. The Wehrl distribution as function of the angle 6 and the time #, where
(@) 7 =0, fii) = £, r=0.01, (b) 7 =0, fii) = G+ 1)"%, r = 0.001, (¢) x = 0, fis) = £, r = 0.75,
() x=0,fm)=(n+1)"% r=0.75

Here, the effect of Kerr-like medium, initial state, and the function of the photon op-
erator on Wehrl distribution are studied. The field is initially in the coherent state and the atom
in the excited state, excluding the influence of a Kerr-like medium and the function of photon
number operator (y = 0, f(n) = I, » = 0.01). The distribution begins with a symmetrical peak
about the § = 0. With increasing time, the peak is divided into two branches in the direction
of the sides, with a decrease in the maximum values. The peak reaches its highest value at
6 = +n/2. Continuously increasing the time, the peak begins to return again, in the opposite
direction, with a decrease in the maximum values. Finally, the two peaks meet at & = +n. Thus,
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the previous shape is repeated with increasing time and produces similar shapes as shown in
fig. 2(a). Figure 2(b) shows the effect of the squeezed state, an isomorph is generated with the
previous case with a decrease in the maximum values of the Wehrl distribution. It is known that
the Wehrl distribution is a probability distribution, that is, the area under the Wehrl curve is con-
stant. Therefore, when the extreme values decrease, the thickness of the distribution increases,
as is clear from the shape of the distribution. When the Kerr-like medium is taken into account,
this is illustrated by fig. 2(c). The extreme values decrease on one side of the distribution while
they increase on the other side. This is due to the constancy of the area under a Wehrl distribut-
ed curve, so it increases in one area and decreases in the other. The maximum values decrease
and the thickness of the Wehrl distribution increases after considering the squeezed state, as
shown in fig. 2(d). From the results, it is clear that Kerr medium breaks the symmetry of Wehrl
distribution around the 8 = 0-axis. While considering the squeezed state reduces the maximum
values and increases the thickness of the distribution.
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Figure 3. The correlation function as function of time, where (a) y = 0, f{n) = 1,r=0.001, (b) y=0,
Sfn) = (ﬂA+ 12, r=0.001, (c) x =0, flny =1, r=0.75, (d) y =0, fln) = (n + 1), r = 0.75, (e) y = 0.75,
fin) = ()2, r=10.001, and () y = 0.75, fin) = (n+ 1)"%, r = 0.7

Correlation behavior between photons through the correlation function is studied here,
under the same aforementioned conditions in entanglement. Figure 3(a) shows the correlation
behavior of photons in the coherent state after excluding both the non-linear function and the
Kerr-like medium (y = 0, /() = I, » = 0.01). The distribution fluctuates between classical and
non-classical behavior, passing through the Poisson distribution frequently. The distribution
tends to be non-classical most of the time after the inclusion of the function f(n) = (n+ 1)"? of
the interaction cavity as shown in the fig. 3(b). The classical distribution improves when the
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squeezed state is considered, as shown in fig. 3(c). The correlation function appears more reg-
ular than the coherent case. The correlation function reaches the non-classical distribution at
short intervals compared to the periods of the classical distribution. The correlation function ap-
pears irregularly and the non-classical distribution disappears completely after the inclusion of
the non-linear function dependent on the number of photons operator into the interaction cavity
as shown in fig. 3(d). Figure 3(e) illustrates the activation of the Kerr-like medium, showing the
classical distribution more clearly than the squeezed state, and completely erasing the non-clas-
sical distribution when the Kerr-like medium is included for the interaction cavity. The case of
the classical distribution increases further after taking the function of the photon operator into
account, and the randomness of the distribution increases as seen in fig. 3(f).

Conclusion

In the previous sections, a model was proposed that contains a two-level atom that
interacts with a single-mode field, taking into account a function that depends on the number
of photons operator in the atom-field coupling. The wave function of this model was calculated
under the condition of a relation between the Kerr-like medium and the field-atom coupling
parameters. The effect of the initial state, the function dependent on the number of photons
operator, and the Kerr-like medium on the entanglement between the parts of the proposed
system, the Wehrl distribution, and the behaviour of correlation function were studied. Strong
entanglement is generated when the effect of the photon-dependent function is neglected, and
the entanglement increases with increasing time. While weak entanglement is generated in the
case of considering the function that depends on the number of photons, it reaches at some
times to the state of purity (the state of separation between the parts of the system). While the
entanglement improves significantly when considering the squeezed state and decreases when
considering the Kerr-like medium. It is clear that Kerr medium breaks the symmetry of Wehrl
distribution around the 8 = 0-axis. While considering the squeezed state reduces the maximum
values and increases the thickness of the distribution. The correlation function has both clas-
sical and non-classical behavior in the coherent state. Adding a function that depends on the
number of photons reduces the non-classical distribution. Setting the field in the squeezed state
generates a classical distribution. Adding a Kerr-like mean erases the non-classical distribution
completely and the correlation function appears randomly.

Funding

This research did not receive any external funding other than that provided by Taif
University, Taif, Saudi Arabia.

Acknowledgmen

Research support offered by the Deanship of Scientific Research, Taif University,
Saudi Arabia [1-442-71 ] is acknowledged.

References

[1] Tanas, R., Kielich, S., Role of the Higher Optical Kerr Non-Linearities in Self-Squeezing of Light, Quan-
tum Optics, Journal of the European Optical Society Part B, 2 (1990), 23

[2] Tanas, R., et al., Quasi-probability distribution Q(a, o) vs. Phase Distribution P() in a Description of
Superpositions of Coherent States, JOSA B, 8§ (1991), 8, pp. 1576-1582

[3] Tanas, R., et al., Phase Distributions of Real Field States, Physica Scripta, T48 (1993), 53

[4] Jex, L., et al., Wehrl’s Entropy Dynamics in a Kerr-Like Medium, Journal of Modern Optics, 41 (1994),
12, pp. 2301-2306



Almalki, F., et al.: Analytical Formula of the Wehrl Entropy and Wehrl Phase ...
THERMAL SCIENCE: Year 2022, Vol. 26, Special Issue 1, pp. S425-S436 S435

(3]
(6]
(7]
(8]
(9]
(10]
(1]
[12]
[13]
[14]

[15]

(28]
[29]
(30]
[31]
(32]
(33]

[34]

Miranowicz, A., et al., Wehrl Information Entropy and Phase Distributions of Schrodinger Cat and Cat-

like States, Journal of Physics A: Mathematical and General, 34 (2001), 3887

Kirchmair, G., et al., Observation of Quantum State Collapse and Revival Due to the Single-Photon Kerr
effect, Nature, 495 (2013), Mar., pp. 205-209

Tara, K., et al., Production of Schrodinger Macroscopic Quantum-Superposition States in a Kerr Medium,
Phys. Rev. 4,47 (1993), 6, pp. 5024-5029

Goda, K., et al., A Quantum-Enhanced Prototype Gravitational-Wave Detector, Nature Physics, 4 (2008),
Mar., pp. 472-476

Aasi, J., et al., Enhanced Sensitivity of the LIGO Gravitational Wave Detector by Using Squeezed States
of Light, Nature Photonics, 7 (2013), July, pp. 613-619

Lorenz, S., et al., Squeezed Light from Microstructured Fibres: Towards Free-Space Quantum Cryptog-
raphy, Applied Physics B, 73 (2001), Mar., pp. 855-859

Usenko, V. C., Filip, R., Squeezed-State Quantum Key Distribution Upon Imperfect Reconciliation, New
Journal of Physics, 13 (2011), 113007

Hempel, C., et al., Entanglement-Enhanced Detection of Single-Photon Scattering Events, Nature Pho-
tonics, 7 (2013), July, pp. 630-633

[De Palma, G., Uncertainty Relations with Quantum Memory for the Wehrl Entropy, Letters in Mathemat-
ical Physics, 108 (2018), Mar., pp. 2139-2152

Abdel-Khalek, S., Obada, A. S. F., New Features of Wehrl Entropy and Wehrl PD of a Single Cooper-Pair
Box Placed Inside a Dissipative Cavity, Annals of Physics, 325 (2010), 11, pp. 2542-2549
Abdel-Khalek, S., et al., Effect of the Time-Dependent Coupling on a Superconducting Qubit-Field
System under Decoherence: Entanglement and Wehrl Entropy, Annals of Physics, 361 (20155), Oct.,
pp- 247-258

Abdel-Khalek, S., ef al., Dynamic Properties of Wehrl Information Entropy and Wehrl Phase Distribution
for a Moving Four-Level Atom, Journal of Russian Laser Research, 33 (2012), Dec., pp. 547-558
Mohamed, A. B. A., et al., Non-Classicality Dynamics of a Dissipative Cavity Field Containing Two Qu-
bits with Kerr Medium: Linear and Wehrl Phase Entropies, Modern Physics Letters A, 37 (2022), 2250024
Floerchinger, S., et al., Wehrl Entropy, Entropic Uncertainty Relations, and Entanglement, Physical Re-
view 4, 103 (2021), 062222

Stoler, D., Equivalence Classes of Minimum Uncertainty Packets, Physical Review D, 1 (1970), 3217
Stoler, D., Equivalence Classes of Minimum-Uncertainty Packets II, Physical Review D, 4 (1971), 1925
Yuen, H. P., Two-Photon Coherent States of the Radiation Field, Physical Review A, 13 (1976), 2226
Loudon, R., Knight, P. L., Squeezed Light, Journal of Modern Optics, 34 (1987), pp. 709-759
Satyanarayana, M. V., Generalized Coherent States and Generalized Squeezed Coherent States, Physical
Review D, 32 (1985), 400

Leibfried, D., et al., Experimental Determination of the Motional Quantum State of a Trapped Atom,
Physical Review Letters, 77 (1996), 4281

Meekhof, D.M., et al., Generation of Non-Classical Motional States of a Trapped Atom, Phys. Rev. Lett.,
77 (1996), 2346

Monroe, C., et al., Schrodinger Cat Superposition State of an Atom, Science, 272 (1996), Jan., pp.1131-1136
Wineland, D. J., et al., Experimental Issues in Coherent Quantum-State Manipulation of Trapped Atomic
lons, Journal Res Natl Inst Stand Technol., 103 (1998), Jan., pp. 259-328

Dodonov, V. V., et al., Even and Odd Coherent States and Excitations of a Singular Oscillator, Physica,
72 (1974), 3, pp. 597-615

Yurke, B., Stoler, D., Generating Quantum Mechanical Superpositions of Macroscopically Distinguish-
able States Via Amplitude Dispersion, Physical Review Letters, 57 (1986), 13

Janszky, J., Vinogradov, A.V., Squeezing Via 1-D Distribution of Coherent States, Physical Review Let-
ters, 64 (1990), 2771

Buzek, V., Knight, P. L., The Origin of Squeezing in a Superposition of Coherent States, Optics Commu-
nications, 81 (1991), 5, pp. 331-336

Buzek, V..et al., Superpositions of Coherent States: Squeezing and Dissipation, Physical Review A, 45
(1992), 6570

Ban, M., Continuous Measurement of Photon Number for Superpositions of Coherent States, Physical
Review A4, 51 (1995), 1604

Arshed, S., et al., Soliton Solutions for Non-Linear Kudryashov’s Equation Via Three Integrating
Schemes, Thermal Science, 25 (2021), Special Issue 2, pp. S157-S163



Almalki, F., et al.: Analytical Formula of the Wehrl Entropy and Wehrl Phase ...
S436 THERMAL SCIENCE: Year 2022, Vol. 26, Special Issue 1, pp. S425-S436

[35] Asadullah, M., et al., Mathematical Fractional Modelling of Transpot Phenomena of Viscous Fluid-Flow
between Two Plates, Thermal Science, 25 (2021), Special Issue 2, pp. S417-S421

[36] Ulutas, E., et al., Bright, Dark, and Singular Optical Soliton Solutions for Perturbed Gerdjikov-Ivanov
Equation, Thermal Science, 25 (2021), Special Issue 2, pp. S151-S156

[37] Ulutas, E., et al., Exact Solutions of Stochastic KdV Equation with Conformable Derivatives in white
Noise Environment, Thermal Science, 25 (2021), Special Issue 2, pp. S143-S149

[38] Abdelrahman, M. A. E., et al., Exact Solutions of the Cubic Boussinesq and the Coupled Higgs Systems,
Thermal Science, 24 (2020), Special Issue 2, pp. S333-S342

[39] Joshi, A., Obada, A.-S. F., Some Statistical Properties of the Even and the Odd Negative Binomial States,
Journal of Physics A: Mathematical and General, 30 (1997), 81

[40] Zheng, S. B., Guo, G. C., Generation of Superpositions of Displaced Fock States Via the Driven
Jaynes-Cummings Model Quantum and Semiclassical Optics, Journal of the European Optical Society
Part B, 8 (1996), 951

[41] Obada, A.-S. F., et al., Superposition of Two Squeezed Displaced Fock States With Different Coherent
Parameters, Appl. Math. Inf. Sci., 11 (2017), 5, pp. 1399-1406

[42] Nielsen, M. A., Chuang, I. L., Quantum Computation and Quantum Information, Phys. Today, 54 (2001),
60

[43] Joshi, A., Puri, R. R., Dynamical Evolution of the Two-Photon Jaynes-Cummings Model in a Kerr-Like
Medium, Physical Review A, 45 (1992), 5056

[44] Buck, B., Sukumar, C., Exactly so 1 Uble Model of Atom-Photon Coupling Showing Perlodic Andr Vviv-
al, Phys Lett 4, 81 (1981), 3

[45] Kochetov, E. A., Exactly Solvable Non-Linear Generalisations of the Jaynes-Cummings Model, Journal
of Physics A: Mathematical and General, 20 (1987), 2433

[46] Abdalla, M., et al., Quantum Effect of the Kerr-Like Medium in Terms of SU (1,1) Lie Group in In-
teraction with a Two-Level Atom, Physica A: Statistical Mechanics and its Applications, 466 (2017),
Jan., pp. 44-56

[47] Abdalla, M. S., Linear Entropy and Squeezing of the Interaction between Two Quantum System De-
scribed by SU (1,1) and SU (2) Lie Group in Presence of Two External Terms, AIP Advances, 7 (2017),
015013

[48] Alqannas, H. S., Khalil, E. M., Quantum interaction of SU (1,1) Lie Group with Entangled a Two 2-Level
Atoms, Physica A: Statistical Mechanics and its Applications, 489 (2018), Jan., pp. 1-8

[49] Berlin, G., Aliaga, J., Quantum Dynamical Properties of a Two-Photon Non-Linear Jaynes-Cummings
model, Journal of Modern Optics, 48 (2001), 12, pp. 1819-1829

[50] Al Naim, A.F., et al., Effects of Kerr Medium and Stark Shift Parameter on Wehrl Entropy and the Field
Purity for Two-Photon Jaynes-Cummings Model under Dispersive Approximation, Journal of Russian
Laser Research, 40 (2019), 1, pp. 20-29

[51] Obada, A.-S. F., et al., Effects of Stark Shift and Decoherence Terms on the Dynamics of Phase-Space
Entropy of the Multiphoton Jaynes Cummings Model, Physica Scripta, 86 (2012), 055009

[52] Scully, M. O., Suhail Zubairy, M., Quantum Optics, Cambridge University Press, Cambridge, UK, 1997,

p- 111
Paper submitted: October 3, 2022 © 2022 Society of Thermal Engineers of Serbia
Paper revised: November 12, 2022 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.

Paper accepted: November 18, 2022 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions



