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Abstract
In this paper, we present coherent states à laGazeau-Klauder for a free particle in square well potential
within position-deformedHeisenberg algebra . These states satisfy the Klauder’smathematical
requirement to build coherent states. Some statistical properties such as the probability distribution,
the intensity correlation function and theMandel parameter are calculated and analyzed.Wefind that
these states are sub-Poissonian in nature.We also construct for these coherent states, the even cat
states andwe evaluate itsWigner functionwhich analyses the quasiprobability distribution of these
states.We graphically demonstrate that these states exhibit nonclassical behavior.

1. Introduction

The study of coherent states has remained, over the past four decades a constant source of application in
different branches of physics. Theywerefirst discovered in connectionwith the quantumharmonic oscillator by
Schrödinger in 1926, who referred to them as states ofminimumuncertainty product. In fact, 35 years after
Schrödingerʼs pioneering idea, the importance of coherent states was put forward byGlauber [1, 2] and
Sudarshan [3] in the framework of quantumoptics. The construction of these states hasmotivated the
introduction of different sorts of coherent states [4–8] and has found considerable applications in differentfields
of theoretical and experimental physics [9–15].

The same states have also been reintroduced byKlauder, who investigated theirmathematical properties
[16, 17]. He has noted that these statesmust satisfy the followingminimumconditions: normalizability,
continuity in the label, and the existence of a resolution of unitywith a positive definite weight function. In 1999,
Gazeau andKlauder (GK) [18] proposed new coherent states for semiboundedHamiltonian operators having
either a discrete or continuous spectrum. These states, which have been constructed for a large variety of
quantum systems [19–27], also satisfy the Klauderʼsminimum requirements.

Recently, we have studied the dynamics of a free particle in square-well potential within position-deformed
Heisenberg algebrawithmaximal length uncertainty [28]. It has been shown that, thismaximal length induces
strong deformation in the quantum energy levels allowing particles to jump fromone point to another with high
probability densities. The obtained deformed-spectrumof this system generalised the ordinary one of quantum
mechanics. In this study, we construct theGK coherent states for this system’s deformed-spectrum.We show
that these states satisfy the Klauder’smathematical requirement to build coherent states.We also explore the
statistical properties [29–36] of these states, such as the photon distribution, the photonmean number, the
intensity correlation and theMandel parameter.Wefind that these states are sub-Poissonian in nature.With
these coherent states at hand, we construct the corresponding even cat states [22, 37].We demonstrate that the
quasidistribution function namely theWigner function of these new states exhibit nonclassical behaviour.
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This paper is organised as follows: In the next section, we review in one dimension (1D) the representation of
the position-deformedHeisenberg algebra thatwas recently introduced in [38]. In section 3, we construct GK
coherent states andGK even cat states for the deformed-spectrumof a free particle in a squarewell potential
recently determined [28].We discuss the quantum statistical properties of the constructed coherent states.
Finally, we conclude this work in section 4.

2. Position-deformedHeisenberg algebra

Let ( ) = 2 be theHilbert space of square integrable functions. The operators X̂ and P̂ that act in this space
are defined by [28, 38]

ˆ ˆ ˆ ( ˆ ˆ ) ˆ ( ) t t= = - +X x P x x p, , 12 2

where theHermitian operators x̂ and p̂ satisfy the ordinaryHeisenberg algebra [ ˆ ˆ] =x p i, . The operators X̂
and P̂ satisfy the following relation [28, 38]

[ ˆ ˆ] ( ˆ ˆ ) ( ) t t= - +X P i X X, , 22 2

where τä (0, 1) is theGUPdeformed parameter [39–43]. Letf(x) andf(p) be respectively the position and
momentum representations defined on. The action of the operators (1) on these square integrable functions
reads as follows

*ˆ ( ) ( ) ˆ ( ) ( ) ( ) ( )f f f t t f= = - - + ÎX x x x P x i x x
d

dx
x x, 1 , , 32 2

*⎜ ⎟
⎛
⎝

⎞
⎠

ˆ ( ) ( ) ˆ ( ) ( ) ( )  f f f t t f= = - - ÎX p i
d

dp
p P p i

d

dp

d

dp
p p p, 1 , . 42 2

2

2

For both representations, the corresponding completeness relations are given by [44]

∣ ∣ ( )ò t t- +
ñá =

-¥

+¥ dx

x x
x x

1
, 5

2 2

∣ ∣ ( )ò ñá =
-¥

+¥
dp p p . 6

Consequently, the scalar product between two states |Ψ〉 and |Φ〉 and the orthogonality of eigenstates become

*∣ ( ) ( ) ∣ ( ) ( ) ( )ò t t
t t dáY Fñ =

- +
Y F á ¢ñ = - + - ¢

-¥

+¥ dx

x x
x x x x x x x x

1
, 1 , 7

2 2
2 2

*∣ ( ) ( ) ∣ ( ) ( )ò dáY Fñ = Y F á ¢ñ = - ¢
-¥

+¥
dp p p p p p p, . 8

For an operator ˆ { ˆ ˆ}=A X P, , its expectation value for both representations are given by

*ˆ ∣ ˆ ∣ ( ) ˆ ( ) ( )( ) òf f
t t

f fá ñ = á ñ =
- +

f
-¥

+¥
A A

dx

x x
x A x

1
, 9x 2 2

*ˆ ∣ ˆ ∣ ( ) ˆ ( ) ( )( ) òf f f fá ñ = á ñ =f
-¥

+¥
A A dp p A p , 10p

and the corresponding dispersions are

*

( ) ˆ ˆ

( )( ˆ ˆ ) ( ) ( )

( ) ( ) ( )

( )

ò t t
f f

D = á ñ - á ñ =
- +

´ - á ñ

f f f

f

-¥

+¥
A A A

dx

x x

x A A x

1

, 11

x x x

x

2 2 2
2 2

2

*( ) ˆ ˆ ( )( ˆ ˆ ) ( ) ( )( ) ( ) ( ) ( )ò f fD = á ñ - á ñ = - á ñf f f f
-¥

+¥
A A A dp p A A p . 12p p p p

2 2 2 2

For any representation, an interesting feature can be observed from the commutation relation (2) through
the following uncertainty relation :

( ˆ ˆ ) ( )  t tD D - á ñ + á ñX P X X
2

1 . 132 2

Using the relation ˆ ( ) ˆá ñ = D + á ñX X X
2 2 2, the equation (13) can be rewritten as a second order equation forΔX

ˆ ˆ ( )
t t t

D - D D + á ñ - á ñ +X P X X X
2 1 1

0. 142
2

2
2

2
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By setting the equation (14) into

ˆ ˆ ( )
t t t

D - D D + á ñ - á ñ + =X P X X X
2 1 1

0, 152
2

2
2

the solutionsΔX are given by

⎛
⎝

⎞
⎠

ˆ
( ˆ ) ( )

 t t t
t

t
D =

D


D
-

á ñ
á ñ - -X

P P X
X 1

1
. 16

2 2

2

2

This equation leads to the absoluteminimal uncertaintyDPmin inP-direction and the absolutemaximal
uncertaintyDXmax inX-directionwhen ˆá ñ =X 0, such that

( )
t

tD = D =X P
1

and . 17max min

It is well known that [11], the existence ofminimal uncertainty raises the question of the loss of representation
i.e., the space is inevitably bounded byminimal quantity beyondwhich any further localization of particles is not
possible. In the presente situation, theminimalmomentumDPmin leads to a loss off(p)-representation and a
maximalf(x)-representation. Thus, the corresponding representation of operators are given by

ˆ ( ) ( ) ˆ ( ) ( ) ( )f f f f= = -X x x x P x i D xand , 18x

whereDx= (1− τx+ τ2x2)∂x is a deformed derivative. Using this equation (18), one can recover the algebra (2).
As one can see from the representation of operators in equation (1) or in equation (18), the position operator X̂
isHermitianwhile themomentumoperator P̂ is not

ˆ ˆ ˆ ˆ ( ˆ ) ⟹ ˆ ˆ ( )† † †t t= = + - ¹X X P P i X P Pand 2 . 19

To restore theHermicity of this operator, we have to restrict the action of P̂ in a physical dense subset,  Ì ,
which is defined by

( ˆ) { ( ) ( ) } ( ) j j j= - Î -¥ +¥
 ¥

=P i D
x

x, , , lim 0 . 20x
2

The restriction to dense subset guarantees the existence of the adjoint operator ˆ†
P , a necessary condition for one

to obtain theHermicity of this operator. The adjoint domain is defined by

( ˆ ) { ( )} ( )†  x x= - Î -¥ +¥P i D, , . 21x
2

Thus, wemaywrite ( ˆ) ( ˆ )†
 ÌP P , whichmeans that the domain of P̂ is a proper subset of the domain of its

adjoint ˆ†
P . To show theHermicity of the oparator P̂ , we consider the functional F(ξ,j)defined by

( ) ≔ ∣ ˆ ˆ ∣ ( )†x j x j x já ñ - á ñF P P, . 22

Using the relation (5) and by a straightforward computation of this functional, we have

* *

* *

( ) [ ( )( ( )) ( ( )) ( )]

( ( ) ( )) [ ( ) ( )] ( )

 

 

ò

ò

x j
t t

x j x j

x j x j

=
- +

- - -

=- = -

-¥

+¥

-¥

+¥

-¥
+¥

F
dx

x x
x i D x i D x x

i d x x i x x

,
1

. 23

x x2 2

Since ( )j =¥ xlim 0x , and ξ(x) can reach any arbitrary value at the boundaries. This lead to the vanishing of
F(ξ,j) i.e., F(ξ,j)= 0. Consequently, the operator P̂ is aHermitian in ( ˆ) P such that

∣ ˆ ˆ ∣ ⟹ ˆ ˆ ( )† †x j x já ñ = á ñ =P P P P . 24

Despite the fact that themomentum isHermitian, it is not always a self-adjoint operator because its domain
includes the domain of ˆ†

P . It could have none, or it could have an infinite number of self-adjoint extensions.
Note that, as rule in quantummechanics, the operators that act on square integrable functions are essentially
self-adjoint. There are exceptions to the rule. This is because the basic quantization requirement that operators
whose expectation values are real do not strictly require these operators be self-adjoint. Indeed, theHermicity
result (24) is a sufficient condition to ensure that all expectation values of themomentumoperator are real.

Let us consider Ĥ , the operatorHamiltonian of a systemdefinedwithin this space by

ˆ ( ˆ ˆ )
ˆ

( ˆ ) ( )= +H P X
P

m
V X,

2
, 25

2

whereV is the potential energy of the system. The time-dependent deformed Schrödinger equation is

( ) ( ) ( ) ( ) ( )
f f f- + = ¶

m
D x t V x t x t i x t

2
, , , , , 26x t

2
2

3
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The probability density η(x, t)= |f(x, t)|2 obeys the continuity equation

( ) ( ) ( )h¶
¶

+ =t
x t

t
D J x t

,
, 0, 27x

where the current density is given by

*
*⎛

⎝
⎞
⎠

( ) ( ) ( ) t t
f

f
f

f
=

- +
-tJ x t

x x

im

d

dx

d

dx
,

1

2
. 28

2 2

3.GK coherent states for a particle in squarewell potential

Let us consider theHamiltonian of the above quantum system (25) confined in an infinite square-well potential,
defined as

⎧
⎨⎩

( ) ( )=
< <

¥
V x

x L0, 0 ,
, otherwise.

29

For standingwaves in a null potential, the corresponding time-independent Schrödinger equation reads as

( ) ( ) ( )
f f- = >

m
D x E x E

2
, with 0. 30x

2
2

Then, the energy spectrumof the particle is written as [28]

⎡
⎣

⎤
⎦( )

( )p t
=

+t p-
E

n

m

3

8 arctan
. 31n

L

2 2 2 2

2 1

3 6

2

The generalizedwave function and the probability density corresponding to the energies (31) are given by [28]

⎜ ⎟

⎛

⎝

⎜
⎜⎡

⎣
⎤
⎦

⎡
⎣⎢

⎛
⎝

⎞
⎠

⎤
⎦⎥

⎞

⎠

⎟
⎟( )

( ) ( )f
p t p

=
+

-
+

t p-
x A

n x
sin

arctan
arctan

2 1

3 6
, 32n

L2 1

3 6

2

⎜ ⎟

⎛

⎝

⎜
⎜⎡

⎣
⎤
⎦

⎡
⎣⎢

⎛
⎝

⎞
⎠

⎤
⎦⎥

⎞

⎠

⎟
⎟( )

( ) ( )h
p t p

=
+

-
+

t p-
x A

n x
sin

arctan
arctan

2 1

3 6
, 33n

L

2 2

2 1

3 6

2

where the normalized constant A is given by

⎜ ⎟
⎡
⎣⎢

⎛
⎝

⎞
⎠

⎤
⎦⎥

( )t t p
=

-
+

-

A
L3

2
arctan

2 1

3 6
. 34

1 2

At the limit τ→ 0, we have

( )
t

p


=E
n

mL
lim

0 2
, 35n

2 2 2

2

⎛
⎝

⎞
⎠

( )
t

f
p


=

L

n

L
xlim

0

2
sin , 36n

⎛
⎝

⎞
⎠

( )
t

h
p


=

L

n

L
xlim

0

2
sin . 37n

2

TheGK-coherent states [18] for aHermitianHamiltonian Ĥ with discrete, bounded below and
nondegenerate eigenspectrum are defined as a two parameter set

∣
( )

∣ ( )


åg
r

fñ = ñ
g

=

¥ -
J

J

J e
,

1
, 38

n

i e

n
n

0

n
n2

where Î +J , g Î . The states |fn〉 are the orthogonal eigenstates of Ĥ , that is
ˆ ∣ ∣ ∣ ∣f f f w fñ = ñ = ñ = ñH E e nn n n n n n

2 withω> 0 and 0= e0< e1< e2... . The normalization constant ( ) J is
chosen so that

∣ ( ) ( ) åg g
r

á ñ = =-

=

¥

J J J
J

, , 1. 39
n

n

n

2

0

4
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Thus

( ) ( ) å r
=

=

¥

J
J

. 40
n

n

n

2

0

The allowed values of J, 0< J< R are determined by the radius of convergence ( )r= ¥R limn
n1 in the series

defining ( ) J2 . Themoments of a probability distribution ρn is given by

( ) ( )ò r r r= = =
=

x x dx e , 1. 41n

R
n

k

n

k
0 1

0

Setting a = g-J e i and ( ) =- J e J1 [18], we recover from the coherent states (38), the usual canonical
coherent states given by

∣
!
∣ ( )∣ ∣ åa fñ = ña-

=

¥

e
z

n
. 42

n

n

n
0

1
2

2

TheGK-coherent states (38)have to satisfy the following properties [16–18]:

1. normalizability: 〈γ, J|J, γ〉= 1,

2. Continuity: themapping ∣ g¢ ¢ñJ , |J, γ〉 is continuous in some appropriate topology.

3. Resolution of unity: ∣ ∣ ( ) ò g g m gñá =J J d J, , , .

4. Temporal stability: e− iHt|J, γ, 〉= |J, γ+ ωt〉, with ω= const.

3.1. Construction ofGK coherent states
For the systemunder consideration, the dimensionless formof the energy eigenvalues defined in equation (31),
can be obtained as:

( )w= =E e n 43n n
2

where

⎡
⎣

⎤
⎦( )

( )
w

p t
=

+t p-m

3

8 arctan
44

L

2 2 2

2 1

3 6

2

The parameter ρ(n) is defined as

( ) ( !) ( )r w r= =n n , 1. 45n 2
0

As a result, the coherent states given in equation (38)may be expressed as

∣
( )

∣ ( )


åg
r

fñ = ñ
g

=

¥ -
J

J

J e
,

1
46

n

i e

n
n

0

n
n2

Bymultiplying the above equation by the vector 〈x|we express the coherent states (46), in termof the discrete
wave function (32)

( )
( )

( ) ( )


åf g
r

f=
g

=

¥ -
x J

J

J e
x, ,

1
47n

n

i e

n
n

0

n
n2

and the corresponding probability density is given by

( )
( )

( ) ( )


åh g
r
h=

=

¥

x J
J

J
x, ,

1
. 48n

n

n

n
n2

0

3.2.Mathematical properties
In this subsection, wewill discuss the above properties of these states (46) by analysing the non-orthogonality,
the conditions of continuity in the label, normalizability, the resolution of identity by finding theweight
function ( ) J and the temporal stability.

5
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3.2.1. The non-orthogonality
In order to characterize these states, we can see that the scalar product of two coherent states does not vanish

∣
( ) ( ) ( !)

( ) ( )
( )

 
åg g

w
á ¢ ¢ ñ =

¢
¢g g

=

¥ - - ¢
J J

J J

e

n

JJ
, ,

1
. 49

n

i e

n
0

2

n
n
2

For ¢ =J J and g g¢ = , the above relation provides us the normalization condition 〈J, γ|J, γ〉= 1 of these
coherent states and the factors ( ) J come out to be

⎛
⎝

⎞
⎠

( )
!

( )
!

( ) å w
w

= =
=

¥

J
n

J

n
F

J1
1; , 50

n

n
2

0
0 1

where 0F1 is the hypergeometric function and the radius of convergence turns out to be

[ ( !) ] ( )w=  ¥ = ¥R n nlim . 51n n2 1

3.2.2. The Label continuity
The label continuity condition of the |J, γ〉 can then be stated as,

∣∣∣ ∣ ∣∣ [ ( ∣ )] ( ) ( ) ( )g g g g g g¢ ¢ñ - ñ = - á ¢ ¢ ¢ñ  ¢ ¢ J J e J J J J, 2 1 , , 0, when , , . 522

3.2.3. Resolution of unity
The overcompleteness relation reads as follows

( )∣ ∣ ( )ò m g g gñá =d J J J, , , , 53

where themeseare ( ) ( )m g = g
p

d J J, dJd

2
[18]. By substituting equations (46) and into equation (53)we obtain

( ) [ ( )] ( )ò w= G +
¥

J J dJ n 1 54n n

0

2

where ( ) ( ) ( )  =J J J2 . Perfoming n= s− 1, the integral from the above equation is called theMellin
transform

( ) [ ( )] ( )ò w= G
¥

- -J J dJ s . 55s s

0

1 2 1

Using the definition ofMeijers G-function, it follows that [45]

( ∣ )

( ) ( )

( ) ( )
( )

ò a

a
=

 G +  G - -

 G - -  G +

¥
-

= =

= + = +

+

+
 
 dxx G x

b s a s

b s a s

1 1

1
. 56

s
p q
m n

b b b b
a a a a

s

j
m

j j
n

j

j m
q

j j n
p

j

0

1
,
,

, , , , ,
, , , , ,

1 1

1 1

m m q

n n p

1 1

1 1

Comparing equations (55) and (56), we obtain that

⎟⎛
⎝

⎞
⎠

( ) ( )
w w

=J G
J1

. 570,0
2,0

0, 0

...

Since ( ) ( ) ( )  =J J J2 , wefinally get

⎛
⎝

⎞

⎠
⎟⎟

( )
( ) ( )

w w
= wJ

F
G

J1;
58

J
0 1

0,0
2,0

0, 0

...

figure 1 illustrates theweight function (58) versus J for various values of the deformed parameter τ. One can
observe that, theweight function globally decreases when the parameter τ increases.

3.2.4. The temporal stability
The time evolution of coherent states |J, γ〉 can be obtained by unitary transformation ∣ ˆ ( )∣g gñ = ñJ t U t J, , ,

where the time evolution operator is given as ˆ ( ) ˆ= -U t e iHt . In the present case, the time evolution of theGK
coherent states (46) is given by

∣
( )

∣ ∣ ( )
( )


åg

r
f g wñ = ñ = + ñ

g w

=

¥ - +
J t

J

J e
J t, ,

1
, . 59

n

ie t

n
n

0

n
n2
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Bymultiplying the above equation by the vector 〈x|, we have

( )
( )

( ) ( )
( )


åf g

r
f=

g w

=

¥ - +
x J t

J

J e
x, , ,

1
. 60n

n

ie t

n
n

0

n
n2

The probability density in space and time aswell is

*

*

( ) ( ) ( )

( )
( ) ( ) ( )

( )( )



h g f g f g

r r
f f

=

= å
g w

=
¥

- - ++

x J t x J t x J t

J

J e
x x

, , , , , , , , ,

1
. 61

nm n m

n m

i e e t

n m
n m2 , 0

n m
n m2

3.3. The statistical properties
Aftermathematical construction of the coherent states (46), in the present subsection, we investigate some of the
quantum statistical properties of these states, such as the probability distribution, themean number of photons,
the intensity correlation function and theMandel parameter.

3.3.1. The probability distribution
The probability offinding the nth photons in the states |J, γ〉 is given by

∣ ∣ ∣
( )

( )( !)
( )



f g
w

= á ñ

=

P J

J

J n

,

. 62

n n
n

2

2 2

figure 2 shows the plot of the probability distribution as a function of the photon number n for different values of
the coherent state parameter J and for the deformed parameter τ. In these plots, the values of the coherent states
parameter J are chosen in such away that, the corresponding coherent states are peaked at themean excitation
quantumnumber n= 5, 10, 15.

3.3.2. The intensity correlation function and theMandel parameter
The intensity correlation function or equivalently theMandelQ-parameter yields the information about photon
statistics of the quantum states. The intensity correlation function of the states (46) is defined by [46, 47]

( )
ˆ ˆ

[ ˆ ]
( )( ) =

á ñ - á ñ
á ñ

g
N N

N
0 632

2

2

whereN is the number operator which is defined as the operatorwhich diagonalizes the basis for the number
states

ˆ ∣ ∣ ( )f fñ = ñN n 64n n

TheMandelQ-parameter is related to the intensity correlation function by [46, 47]

ˆ [ ( ) ] ( )( )= á ñ -Q N g 0 1 . 652

Figure 1.Weight function (58) versus the parameter J for different values of τ.
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The intensity correlation function (or theMandelQ-parameter) determines whether theGKCSs have a photon
number distribution. This latter is sub-Poissonian if g(2)(0)< 1 (or− 1�Q< 0), Poissonian if g(2)(0)= 1 or
(Q= 0), and super-Poissonian if g(2)(0)> 1 (orQ> 0).

We check that, forGKCSs (46), the expectation values of N̂ and N̂
2
can be computed as

( )
( )
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Taking into account the results (66, 67) of the expectation values of the number operator and its square, one gets

⎡⎣ ⎤⎦

( ) ( )
( )

( ) ( )( ) = w w

w

g
F F

F
0 0.5
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J J

J

2
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0 2

2

It is straightforward to remark that g(2)(0)< 1which indicates that theGKCS have sub-Poissonian statistics for
all values of J andω. TheMandel parameterQ is given by

⎡

⎣

⎢
⎢

⎤
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Infigure 3, the intensity correlation function g(2)(0) and theMandelQ-parameter have been plotted in terms of
the parameter J for different values of the deformed parameter τ. One can see that theMandelQ-parameter is
negative and the intensity correlation function g(2)(0)< 1which indicates that, theGKCS (46) have sub-
Poissonian statistics.

3.4. GK even cat states (GKECs)
The even cat states (ECs) |Ψecs〉 are defined as the coherent superposition of the two ordinary coherent states (42)
|α〉 and |− α〉which can be given in the form [48]

Figure 2.The probability distribution (62) as a function of quantumnumber n for different values of the coherent state parameter J
and the deformed parameter: (a): τ = 0.2, (b): τ = 0.3, (c): τ = 0.8, (d): τ = 0.9.
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∣ (∣ ∣ ) ( )a aY ñ = ñ + - ñN 70ecs ecs

whereNecs is the normalization constant. These states are well known in the literature [49, 50] and are useful in
thefield of quantum information [51, 52], quantummetrology [52], in teleportation protocols [53] and
quantum spectroscopy [54].

TheGK coherent states |J, γ〉 can be exploited for a generalization of the states |Ψecs〉. An example of such
generalization is given by the relation [22, 37]

∣ (∣ ∣ ) ( )g g pY ñ = ñ + + ñN J J, , , 71gkecs gkecs

wherewe have denoted |α〉= |J, γ〉 and |− α〉= |J, γ+ π〉. Substituting (46) in (72), we obtained our so-called
GK even cat states (GKECs)

∣ [ ]∣ ( )å r
fY ñ = + ñg p

=

¥
- -N

J
e e1 , 72gkecs gkecs

n n

i e i e
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⎛
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⎠

[ ] [ ( )] [ ( )] ( )å r
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w
p= + = +-

=

¥

N
J

e F
J

e2 1 cos 2 1; 1 cos . 73gkecs
n

n

n
n n

2

0
0 1

With the above results at hand, we evaluate the quasiprobability function ofGKECs, namely, theWigner
function ( ) a function ofGKECs.

It is alsoworth recalling that theWigner function can bemeasured experimentally [55], including the
measurements of its negative values [56]. Thus, negative values of theWigner function indicates nonclassical

Figure 3.The intensity correlation function g(2)(0) (a) andMandelQ-parameter (b) versus the corehent states parameter J.
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nature of the state. Herewe shall compute theWigner function for the states (72) to determine graphically
whether or not it assumes negative values. TheWigner functionW(α) is then obtained [57]

( ) ( ) ∣ ˆ∣ ( ) ∣ ∣ ∣ ( )å åa
p

a r a
p

a= - á ñ = - á Y ñ
=

¥
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n

n
gkecs

0 0

2

where ˆ ∣ ∣r = Y ñáYgkecs gkecs is the densitymatrix of GKECs. The explicit formof equation (74) reads

* *( ) ( ) ( )
! !
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[ ] ( )
r

= +g p- -C N
J

e e1 , 76n gkecs
n

i e i e
n

n n
2

Infigure 4we have plot theWigner function (75) for J= 1 and τ= 0.1. It is seen that theWigner function
indeed takes negative values in some regions. This confirms nonclassical nature of theGKECs of the free particle
in squarewell potential.

4. Conclusion remarks

Wehave constructed the coherent states à la Gazeau-Klauder for a particle confined in an infinite potential well
in the position-deformedHeisenberg algebra (2). Theminimal set of Klauderʼs conditions required to build
coherent states, i.e the label continuity, the normalizability, the overcompleteness and the spatio-temporal
stability of these states has been studied and discussed. Statistical properties like the photon number
distribution, theMandel parameter and the second-order correlation function are examined and analyzed.
These statistical predictionswere confirmed by the numerical investigation andwe have found that these states
have been sub-Poissonian in nature. In addition, we have also constructed to these coherent states, the even cat
states andwe evaluate its quasiprobability function namely theWigner function.We have numerically shown
that, these states exhibit negative part of theWigner functionwhich indicates its non-classicality nature.

Moreover, as discussed in [27, 51, 57, 58], the present constructedGazeau-Klauder coherent states (46)must
exhibit the phenomena of quantum revivals and fractional revivals which can be explored bymeans of the
autocorrelation function given as

⎡
⎣⎢

⎤
⎦⎥

⎛
⎝

⎞
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( ) ∣
( ) ( !)
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w
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1
. 77

n

in t n

2
0

2

2

For technical reasons, we arbitrary escape these aspects of the study andwe hope to report elsewhere.We have
etablished the nonclassicality nature of theGKCS through theMandel parameter and through the negavite value
of theWigner function ofGKECs.However, one can also investigate some others nonclassicality creteria of both

Figure 4.Plot ofWigner function (75) for J = 1 and for τ = 0.1.
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states which are usually used in the relevant literatures such as theGibbs entropy, the quadrature squeezing and
theHusimi distribution etc [22].
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