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Abstract

Squeezing in the difference of the fields in degenerate four- and five-wave interaction
processes is studied. It is shown that the difference squeezing can be led to normal
squeezing of the field for uncorrelated modes. It is found that the amplitude-squared
squeezing of the fundamental mode directly converted into the normal squeezing of the
signal mode in the four-wave interaction process and amplitude-cubed of the fundamental
directly converted into the normal squeezing of the signal mode in the five-wave interaction
process. Detection of higher-order squeezing in these processes is also studied. It is
observed that difference squeezing responds nonlinearly to the number of pump photons and
found greater in the stimulated process than in spontaneous one. Difference squeezing exists
only in certain domain value of pump photons. It is inferred that the multi-photon absorption
process is more suitable for the generation of optimum squeezed light.
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1. Introduction

Squeezed states of light [1-6] is one of the examples of nonclassical light. They can be
expressed by complex amplitude, which describes both the magnitude and the phase of the
field. The amplitude of the electric field of a mode of the electromagnetic field is not a
fixed quantity; there are always quantum residual fluctuations, called zero-point
fluctuation. In a coherent state, the fluctuations in the quadrature components are equal
and are randomly distributed in the field quadrature components. On the other hand, it is
possible to reduce fluctuations in one quadrature component than a coherent state at the
expense of increased fluctuations in the other quadrature component. These states are
called squeezed states. It has drawn greater attention of the community due to its low-
noise fluctuation in any quantum state [7,8] with an application in optical
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telecommunication [9], quantum cryptography [10,11], an interferometric technique [12],
amplification of signals [13], computing [14] and development of techniques for making
higher-order correlation measurements in quantum optics [15,16]. Recently several
workers have obtained theoretical as well as experimental evidence of squeezed states in
various nonlinear optical processes such as parametric amplification [17,18], harmonic
generations [19-23], multi-photon processes [24-29], and others [30-34]. More recently,
higher-order squeezing has been studied by Prakash and Mishra in some other optical
processes [35-37] for improving the performance of many optical devices and optical
communication networks. Garcia Fernandez et al. [38] and Mishra et al. [39, 40] have
worked on higher-order nonclassical states in single-mode and their use in detecting
nonclassical light. Further, another type of higher-order squeezing, called sum and
difference squeezing was proposed by Hillery [41] for the two modes and generalized to
include three modes [42] as well as an arbitrary number of modes for sum and difference
squeezing [43-45]. Prakash et al. [46] studied enhancement and generation of sum
squeezing in two-mode light in mixing with coherent light using a beam splitter. Truong
et al. [47] and Wang et al. [48] have recently given the concept of higher-order
nonclassical properties and intermodal entanglement in the two-mode photon added
squeezed state in a lucid manner. More recently Mukherjee et al. [49] have reported the
idea that sum-and-difference squeezing is possible in harmonic generation processes. Giri
et al. [50] have pointed out sum squeezing in frequency up conversion process and Mishra
et al. [51] have given the concept of the generation of sum-and difference-squeezing by
the beam splitter having third-order nonlinear material.

The present paper is to extend our theoretical study on the concept of squeezing in the
difference of the fields in degenerate four- and five-wave interaction processes. The paper
is organized as follows: Section 2 gives the definition of normal and higher-order
squeezing. We establish the analytic expression in the difference of the fields in
degenerate four-wave and five-wave mixing processes in sections 3 and 4 respectively.
Section 5 incorporates results and discussion. Finally, we conclude the paper in section 6.

2. Definition of Normal and Higher-Order Squeezing
2.1. Amplitude squeezing of single mode

The squeezing is the reduction of quantum fluctuations in one quadrature at the expense of
other one. It may be characterized by its real and imaginary parts as

X, = GJ(M A7) )
and X, = (le)(A— AT). 2

where A(t) = a(t) exp(iwt) and AT(t) = af(t) exp(— iwt) are the slowly varying
operators with time t and a'(@) are creation (annihilation) operators of the
electromagnetic field with frequency o.
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Equations (1) and (2) obey the commutation relation as
P i
[xl,xz]zf- ©)
and the uncertainty relation (h= 1) is
5 5 1
AXq AXy 27 4)

where AX; and AX, are the uncertainties in the quadrature operators X; and X,
respectively.
A state is squeezed in the X, direction if AX; < 1/2 and is squeezed in the X, direction

if AR, < 1/,
2.2. Amplitude-squared and amplitude-cubed squeezing of single mode

Amplitude-squared squeezing of single mode

Amplitude-squared and amplitude-cubed squeezing of single mode are the type of higher-
order squeezing. It is the higher powers of the field amplitude [20,21].

The amplitude-squared squeezing of the field may be defined as

%, :@(Az +A”?) ©)
and Y, :(Zlij(Az _Atz). (6)

where the symbols have as usual meanings.
These operators follow the commutation relation

V.Y, |=ileN, +2). )

where N; = A" A is the number operator in pump mode.
The equation (7) leads to the uncertainty relation (h = 1)

S P |
AYlAY22<NA+2>- (8)

where AY; and AY, are the uncertainties in the quadrature operators ¥, and ¥,
respectively.
Amplitude-squared squeezing exist if

(A\?i)Z<<|§|A+;>,Wherei:lor2. 9)

Amplitude-cubed squeezing of single mode
The amplitude-cubed squeezing of the field may be defined as
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2, - @(Aa LA”) (10)
and 7 - (;I](As _A-rz). (11)

Equations (10) and (11) satisfy the commutation relation

;5 =92 10N . 12
[zl,zz]_z(gNA+9NA+6) (12)
and equation (12) leads to the uncertainty relation (h = 1)

A oa 1/ s n
AZlAZZZZ<9NA+9NA+6> (13)

where AZ; and AZ, are the uncertainties in the quadrature operators Z; and Z,
respectively.
Amplitude-cubed squeezing exist if

N 1/ - - o
(Azi)z<Z<9N§+9NA+6>,where|—1or2. (14)
The state when satisfies equations (9) and (14) exhibits non-classical features.

3. Squeezing in the Difference of the Fields in Degenerate Four-Wave Interaction
Process

The degenerate four-wave energy level model is shown in Fig. 1, in which the process
involving absorption of two pump photons of frequency w; each and emission of one
Stokes photon of frequency m, and one signal photon at frequency ws to the initial state.
Let us define difference of the fields having frequency ®; and , with creation
(annihilation) operators a* (&) and b (b) respectively through variables 7, and V,as

V, - @(AzgT +A8) (15)
and \72 — (lej(Az Bf — A2 é), (16)
The operators V; and ¥, satisfy the commutation relation as
NV, )= Hak K, 126, + N, - N2 17
Vo |Z 51BN AN +eNg # N =N ] a7
and the uncertainty relation (h = 1)
A T n n -
AVlAVZZZ<4NANB+2NB+NA—NA>. (18)
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where N, = AtA and N; = B*B are the photon number operator.

______________________________ 12>
M1
_______________ 13>
™1
1>
Fig. 1. Four-wave energy level diagram.
Difference squeezing in V; direction exists if
(aV,f <(aN N, +2N, + N, - N2), wherej=1or2 (19)
j 4 A'VE B A A/’ :
From Fig. 1, the interaction Hamiltonian can be written as
H = wa'a+ o,b'b+ 0,66 + g(a%'¢" + a'he). (20)

where af(a), bT(h) and ¢*(¢) are the creation (annihilation) operators of the pump field
(A-mode), Stokes field (B-mode) and signal field (C-mode) respectively and g is the
coupling constant per second. The field operators can be expressed as A = d exp(iw,t),
B =bexp(iw,t) and € = ¢ exp(iwst) with the relation 2w, - @, = w; under short
interaction time ‘t” and gt<<1.

Using interaction Hamiltonian of equation (20) in coupled Heisenberg equation of motion

A-P [0 A] 6=, (21)

ot
we obtain A = —2igA"BC . (22)
similarly B=-igA2¢T. (23)
and C--igA2a’ (24)

Using equations (22) and (23) in equation (24), we obtain
~ 2 A A A A A A
C=—gf[aN N, +2N, +N, - Nz . (25)

In the interaction Hamiltonian the coupling constant is used |g|* in place of g? for real
value. Using short interaction time and keep terms up to second-order in ‘gt’ in the
Taylor’s expansion, we get
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E(t) = E(0)+t¢(0) + @72}5(0) oo oo e (26)

Use of equations (24) and (25) in equation (26), gives

o2t |2 ] o o N

¢ - C-igra%8" - B~ (4N, K, 420, + N, - K2 @7)
¥ T A2 ‘g‘ZtZ ( A 0 q AzﬁT

and C'(t)=C' +igtA'"B— 5 AN N, +2Ng + N, — N7 (28)

where the operators at t = 0 represents € (0) = € throughout the paper.
In order to examine the existence of squeezing in the signal mode, we define

X, (0[5 Jo0+ € (0] 29)
g X,.(0=[ 5 JEO-¢ o) (30)
Using equations (27) and (28) in equations (29) and (30) we obtain

(31)

1c® =X A+9\t(\/) \g\ (4NANB+2NB+NA_N§))Z

1C

and X< =X Aol - ‘g‘ (4NN +2N, + N, - K2R (32)

A B B A A

At 't = 0 the modes A and B are uncorrelated, then equations (31) and (32) may be written
as,

[Axlé (t)]z :[Axléjz +\g\2t2(m72)2 Jofee (4NN, + 28, + N, - N§>(A>zlé)2 (33)

2 2
2 2 2.2(\ J N G N N2\Ax
and [szé(t)} :(széj +]g|°t (Avl)Z_\g\ztz <4NANQ +2N, +NA—N§>(AX26)2 (34)
If the ¢ mode is initially in a coherent state, then
~ A 1
(Axné) = (szfz :(4)' (35)

Equations (33) and (34) reduce to

4% (t)f _ G} thZ[(A\iz)? _@<4NANB NN Niﬂ (36)
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and [szé (t)T :Gj+|g|2t2[(A\71)2 _GJ<4NANB 2N N - Niﬂ @37)

We rewrite equations (36) and (37) as follows

4%, (t)T _Gj _ |g|2t2[(A\72)2 —GJ<4NANB 2 - Niﬂ (38)

2
. 1 2ol R (1Y, o e o 2

and | AX AtJ ()= o212 (av ——<4NANA 2K NA—NA> 39

[ 260 (4] ol { 1)2 (4) ANg 2N +N;-NZ )| ©9)

These equations (38) and (39) establish the relation between difference squeezing and
normal squeezing of the signal mode in the degenerate four-wave interaction process. It
may be inferred that if the input state is difference squeezed in the ¥, or ¥, direction, then
difference-frequency generation will produce an output, and will lead to normal squeezing
in X, or X, respectively It is shown that difference squeezing can be turned into normal
squeezing.

Further, to study the squeezing in signal mode, let us assume Stokes mode as a
constant and represent a constant term m for B and B* so that the change in the B-mode is
negligible.

Hence equation (24) becomes

é:-igAzm (40)
and é:—Z\g\zmz(Zl\AlA+1ﬁ- (41)
Using equation (26), we have

éiy=C-i A2 2.2 2(~Nj A

()= G- ijgjmtA2 ~[g["t?m2(2N, +1)¢ (42)
and ¢Ty=cT o ijgmiA - gl t?m2(2K, +1)C". (43)
Using equations (42) and (43) in equations (29) and (30), we get

X =X . ;o 222AA & 44
X s =X Holmt? ; ~Jof tme2N +1% (44)
A~ A A 2 ~ ~

and X () =X Aoty ; ~[g t'm* (2N, +1)X . - (45)

where ¥, 2and ¥, ; define in equations (5) and (6).

At t =0, the modes are uncorrelated, then equations (44) and (45) becomes

(55,60 ~(%,e) *gzmztz{(ﬂz/j 22N, +1>(A*1c‘ﬂ o
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ot [, 0] ~(s%, )+ gl 22{( 1Aj2_2<2N~A+1>(AxAzéﬂ @

Using equation (35), then we obtain

[Aklé(t)f U o m 22{(”2/&)2‘@/&*%” 5
o [st,00* (1) -t (o, -2 “

Equations (48) and (49) establish the relation between amplitude-squared squeezing and
normal squeezing of the signal mode in degenerate four-wave interaction process when
the Stokes mode taken as constant term. That means the signal ¢ mode is squeezed in the
X, ¢ direction if the A mode is amplitude-squared squeezed in the Y, direction and the
signal ¢ mode is squeezed in the X, direction if the A mode is amplitude-squared
squeezing in the ¥, 4 direction. That is, if a fundamental mode with amplitude-squared
squeezing propagates through a nonlinear medium then normal squeezing will generate in
the signal mode. It is shown that amplitude-squared squeezing can be changed into normal
squeezing. These results suggest a method for the detection of difference squeezing and
amplitude-squared squeezing by degenerate four-wave interaction process.

4. Squeezing in the Difference of the Fields in Degenerate Five-Wave Interaction
Process

In degenerate five-wave energy level model, shown in Fig. 2, the process involving
absorption of three pump photons of frequency w; each and emission of one Stokes
photon of frequency , and one signal photon at frequency ws to the initial state.

Let us define difference of the fields having frequency ®; and , with creation
(annihilation) operators at(a) and b (b) respectively through variables W, and W, as

W, - (;j(z\@ + A”B) (50)
and \j, (lej(Asé"—A”é)- (51)

The operators W, and W, follow the commutation relation as
A

V0, = T JorizN, + 0N, + 61, + N2 ~ 2N — 2] (52)

and leads to the uncertainty relation (h = 1)

AWV, > (92N, + 9K, N, + 6, +3N7 -2, ~2). (53)
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where N, = AtA and N; = BB are the number operator.
Difference squeezing in VT/J direction exists if the condition follows

N 1/ nsyn A R R R R .
(s, f < (02N, +ON,N, +6N, +3N; ~2N, ~N}), where j=tor2. (54
_______________________________ |2>
(0}
"""""""" 3>
w1
w1
1>
Fig. 2. Five-wave energy level diagram.
From Fig. 2, the interaction Hamiltonian can be written as
H = wa'a+wb'b+wntic+g(@h'e" +a7he) . (55)

Here A, B and C are slowly varying operators defined as A = dexp(iw t), B =
b exp(iw,t) and € = ¢ exp(iwst) with the relation 3w, - m, = ©.
Using interaction Hamiltonian of equation (55) in coupled Heisenberg equation of motion

(21),

we obtain

A=-3igA”BC. (56)
Similarly B=-igA3¢T (57)
and B=-igA3c’ (58)

Using equations (56) and (57) in equation (58), we obtain
C =—gf[orzN, +9N N, +6N, +3NZ 2N, — N[ . (59)
Use of equations (58) and (59) in equation (26), gives

22Y, o .
é(t)_é_igtA3|§T_[gzt](9N§Na+9NANA+6NA+3N?—2NA—N? (60)
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2.2 . n na . . N RN
and cT-cf+igA38 - ‘Q‘Tt (OK2N, +9N N, + 6N +3K2 —2K, — N2 J&*. (61)

Using equations (60) and (61) in equations (29) and (30) we obtain

2.2
A N N t 2N ¢ ¢ 2 ¢ SER LV,
Xlé(t):Xlé+gt(\N2)_[£32J (QNANQ+9NANE+6NQ+3NA—2NA—NA)X16 (62)

2.2 ~o A A A ~ A N na) A
gt(wl)_[g t J(9N§N3+9NANQ+6NB+3N2 2N, ~K2)X_ . (63)

and e
2

X A(t)=X .~
20() 2¢

Since at t = 0 the modes A and B are uncorrelated, then equations (62) and (63) becomes
as,

2 2
A ~ 2.2 ~ Ay A ~ ~ ~ ~
[Axlé(t)] :(Axléj +g|°t (AWZ)Z—\g\Zt2<9N§NA+9N~NA+6NA+3N§—2N~—N§>(AX1CA)2

and

2 2
~ ~ 2 2 A A A ~ A A ~ ~ A
[szé(t)J =(szé) +[g|“t (Awl)z—\g\2t2<9N§NB+9NANB+6N.+3N§—2NA—N%>(AX

Using equation (35) then equations (64) and (65) reduces to
2
[AX A(t)} :(1j+92t2[(m/\7 )2—[1]<9N3N  +9N N +6N . +3N2 —2N -N%ﬂ (66)
1C 4 2 4 A'B A'B B A A A
2
and [ 5%, 0] :(1}9%2[@0 )2—[1]<9N%NA+9NANA+6NA+3l\]% —zNA—Nezﬂ
2C 4 1 4 A B A'B B A A A
We rewrite equations (32) and (33) as follows
2
[4%,50)] _(1]:92@{@0 )2_(1]<9N%NA+9NANA+GNA+3m%_zmA_N3ﬂ>}(68)
1C 4 2 4 A B A B B A A A

L (t)T _Gj _ gztz[(ml)z _GJ<9N

These equations (68) and (69) give the relation between difference squeezing and normal
squeezing of the signal mode in the degenerate five-wave interaction process. In other
words, it may be stated that if the input state is difference squeezed in the W, or W,
direction, then difference-frequency generation will produce an output, and will lead to
normal squeezing in X, or X, respectively It is found that difference squeezing can be
converted into normal squeezing.
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To study the squeezing in signal mode, let us assume Stokes mode as a constant and
represent a constant term m for B and B*so that the change in the B mode is negligible.
Hence equation (58) becomes

C=-igA°m (70)
and € —gf m(9N2 +oN +6]C (71)
A A
Use of equations (70) and (71) in equation (26), gives
oo a3 [[oft? 02 Lo 2
C(t) = C- ijg|mtA° —| =— m2(9N ~ +ON . +6)C (72)
2 A A
Sty ot w3 1902 ] o oo Lo\
and C'(t)=C' + i|gmA™ - = mz(gNA+9NA+6)C*- (73)

Using equations (72) and (73) in equations (29) and (30) we get

(t) X A+

2,2
t 2 ,
gme,, ; - gT m2(9N§+9NA+6jX16 (74)

2,2

. . t . . .

and X (t)=X _ .~ - L m2(9N2A+9NA+6)x . (75)
2C 2C 2 A A 2c

where Z, ; and Z,; define in equations (10) and (11).
Since the modes are uncorrelated at t = 0, then equations (74) and (75) becomes

[, 0] (01, e (2, (o2 o o6, |0
o [szé (t)T :(AX zcj \9\2 “ 2{(&1;"\)2 _<9N/§+9NA+6>(AX26)1 )

Using equation (35), then we obtain

[Axléa)f (j lg2m 22{@22;\)2-@@&15\ +9NA+6>} (79)
and [szé(t)f () e 22[( lA)z_(%j<9N§+9NA+6>] (79)
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Equations (78) and (79) establish the relation between amplitude-cubed squeezing and
normal squeezing of the signal mode in degenerate five-wave interaction process when the
Stokes mode taken as constant term. That means the signal ¢ mode is squeezed in the X,
direction if the A mode is amplitude-cubed squeezed in the Z, ; direction and the signal ¢
mode is squeezed in the X, direction if the A mode is amplitude-cubed squeezing in the
7,4 direction. That is, if a fundamental mode with amplitude-cubed squeezing propagates
through a nonlinear medium then normal squeezing will generate in the signal mode. It is
shown that amplitude-cubed squeezing can be converted into normal squeezing. These
findings suggest a method of detection for difference squeezing as well as amplitude-
cubed squeezing by degenerate five-wave interaction process.

5. Results and Discussion

We plotted a graph (Fig. 3) between left hand side of equation (38) or (39) say Dgy and
|| having different values of |3|? with typical values (4V,)? = (4V,)? = G) so that it
could satisfy the equation (19).

0.000¢

0.0004

0.000%

Dsv

0.000

-0.000%

0 10 20 30 40 50

ol

Fig. 3. Variation of difference squeezing Dsy with |ar|2in degenerate four-wave interaction process
(lot* =10 and |B|2= 0, 5, 10, 15).

The curves infer that the difference squeezing exists and responds nonlinearly to the
number of pump photons. It shows that when |a|?is increasing the degree of difference
squeezing is first increasing i.e. Dsy is getting more negative until a critical value of |a|?
and then it is decreasing and finally disappears i.e. Dsy turns out to be positive. These
findings agree with the result of Truong et al. [47].

Let us denote left hand side of equation (68) or (69) by Dsyw and plot a graph (Fig. 4)

with |a* having different values of |B]? and typical values (4AW,)? = (AW,)? = G) S0
that it could satisfy the equation (54).
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The plot (Fig. 4) shows that the difference squeezing responds nonlinearly to the
pump photons. It is seen that when |a|? is increasing the degree of difference squeezing
Dsw is getting more negative until a critical value of |a|?; but subsequently, it is
decreasing and finally disappears i.e. Dgy turns out to be positive. These results agree with
the result of Wang et al. [48]. Hence, difference squeezing exists only in certain domain
value of pump photons. Comparing Figs. 3 and 4, we inferred that the depth of non-
classicality is increasing with an increase of |fB|%2. Hence in stimulated interaction
squeezing is more pronounced than spontaneous one. It is also seen that difference
squeezing is more in the five-wave interaction process than the corresponding squeezing
in the four-wave interaction process. Hence it is inferred that higher multi-photon
absorption process is suitable for the generation of optimum squeezed light.

0.00

Dsw

-0.02f

~0.04}

0 10 20 30 40 50

lal*

Fig. 4. Variation of difference squeezing Dgy with |a|?in degenerate five-wave interaction process
(lot* =10 and |B|2= 0, 5, 10, 15).

To study higher—order squeezing, we denote the right hand side of equations (48) and
(78) respectively by Dgy- and Dgy- and plots with |gt|? as shown in Figs. 5 and 6.
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=
=
P

0.0 02 04 06 08 1.0

et

Fig. 5. Variation of the squeezing Dgy- with |gt|* (when m? = 4 = Constant) in degenerate four-wave
interaction process.

The steady decrease of the curves (Figs. 5 and 6) show that the degree of squeezing
increases nonlinearly with the increase of the number of photons (o). This confirms that
the squeezed states are associated with large number of pump photons. It also confirmed
that the higher order squeezing is directly associated with the coupling of the field and
interaction time.

—400}

Dsw’

—600F

-800}f

. . . ol* = 10\
0.0 0.2 04 0.6 0.8 1.0
gt

—100 0k

Fig. 6. Variation of the squeezing Dy with |gt/> (when m? = 4 = Constant) in degenerate five-wave
interaction process.
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A comparison between Figs. (5) and (6) shows greater noise reduction in amplitude-
cubed (i.e. in degenerate five-wave interaction process) than in amplitude-squared (i.e. in
degenerate four-wave interaction process), having same number of photons. Hence the
third-order will give more squeezed laser light than the second-order.

0.0000(

-0.0000%

S

~
)

-0.0001¢

-0.0001%

0 5 10 15 20
lal?

Fig. 7. Variation of the squeezing Ds in signal mode with |of* in degenerate four-wave mixing
process.

0.000F"
-0.002

“w» —0.004r
()

[

-0.006r

-0.00&

laf®

Fig. 8. Variation of the squeezing Dg in signal mode with |of* in degenerate five-wave mixing
process.

Now taking |gt|> =10 and plot a graph of equations (48) and (78) respectively by Ds
and Dg with |&|? having Stokes mode as constant value m? = 4 and 9 (arbitrary values).
Figs. 7 and 8 show that the squeezing increases with the increase of number of pump
photons |of® as well as with increase of value of constant m? in Stokes mode. It is also
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inferred that squeezing is more in five-wave interaction process than the corresponding
squeezing in four-wave interaction process.

6. Conclusion

In this paper, we observed that difference squeezing of the optical fields can be converted
into normal squeezing by degenerate multi-wave (four & five) interaction process.

It is shown that the difference squeezing responds nonlinearly to the pump photons
and is found to be dependent on the coupling of the field amplitude and interaction time. It
is found that the squeezing increases with the increase of number of pump photons |aJ* as
well as with increase of value of constant m? in Stokes mode. It is shown that squeezing is
more pronounced in stimulated process than the corresponding squeezing in spontaneous
process having same number of photons. This also confirms that the squeezed states are
associated with large number of photons.

It is found that when number of photons is increasing the degree of difference
squeezing is getting more negative until a critical value of |a|?; but subsequently, it is
decreasing and finally disappears. Hence, difference squeezing exists only in certain
domain value of pump photons.

When an amplitude-squared squeezing of the fundamental mode propagates through a
nonlinear medium then normal squeezing will generate in the signal mode of the
degenerate four-wave interaction process. Similarly, amplitude-cubed squeezing of the
fundamental mode generates normal squeezing in the signal mode of the degenerate five-
wave interaction process. Thus, the nonlinear interaction (signal mode) converts higher-
order squeezing into normal squeezing. It suggests a method for the detection of higher-
order squeezing in the degenerate multi-wave interaction process. It is shown that greater
noise reduction in amplitude-cubed (i. e. in degenerate five-wave interaction process) than
in amplitude-squared (i. e. in degenerate four-wave interaction process), having the same
number of photons. Hence third-order will give more squeezed laser light than the second-
order. Therefore, the difference squeezing is more in the five-wave interaction process
than the corresponding difference squeezing in the four-wave interaction process. Hence it
is inferred that the higher photon absorption process is suitable for the generation of
optimum squeezed light.

The above findings stated that the process with higher-order nonlinearity i. e. multi-
photon absorption in pump mode is more suitable for the generation of optimum squeezed
light. These results also suggest ways in selecting a suitable process for obtaining greater
noise reduction in optical systems and can be useful in high-quality optical
telecommunication [52].
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