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Abstract : We study a sub-Poissonian and total noise in degenerate Eight-wave mixing process. We establish the analytic
expression of first-order and second-order squeezing in terms of total noise under short-time approximation in degenerate six-
wave mixing process. It shows that higher-order squeezing allows a much larger fractional noise reduction than lower-order
squeezing. The photon statistics of the pump mode in the process is investigated and found to be sub-Poissonian in nature. The
effect of sub-Poissonian nature of an optical field in terms of total noise is also incorporated. We show that the depth of
nonclassicality directly depends on the amount of total noise present in the system. This suggests that the more squeezed the state

is, the greater is its total noise in the system.
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I. INTRODUCTION

The Sub -Possonian were introduced by Hollenhorst and Caves [1, 2], but they accepted after Walls’ paper [3]. The first
successful experiments on the generation and detection of squeezed states were reported in the middle of the 1980s [4-6]. Over
the past decades, the squeezing [7-11] in quantized electro-magnetic fields has received a great deal of attention because of its
wide applications in many branches of science and technology, especially for low noise fluctuation [12—-14] with an application in
high quality optical telecommunication [15], quantum cryptography [16, 17], and so on. A detailed review of squeezed states was
presented by Dodonov et al. [18] and Anderson et al. [19]. The basic concept of squeezed light is the reduction of quantum
fluctuations in one quadrature at the expense of increased fluctuations in other quadrature. It has been focused on theoretical as
well as experimental interpretation in various nonlinear optical processes, such as harmonic generation [20, 21], multiphoton
processes [22-25], Raman process [26-28], hyper-Raman process [29], Hong and Mandel [30, 31], Hillery [32-34] and Zhan [35]
for improving the performance of optical devices in communication network. Squeezing and photon statistics of the field
amplitude in various nonlinear optical processes has also been reported by Perina [36]. Higher-order sub-poissonian of light has
also been studied by Kim and Yoon [37]. Recently, Prakash and Mishra [38, 39] have reported the higher-order sub-poissonian
photon statistics and their detection. An idea of experimental detection of nth- amplitude squeezing has been proposed by Prakash
and Yadav [40]. Schumaker [41] has been introduced the concept of total noise in a quantum state. Further, the notion of total
noise in relation to squeezing of a field state has been given by Hillery [42] that reported about the measurement of the size of the
field amplitude fluctuations of a state of the field. Furthermore, Gupta et.al [43] and Gill et.al [44] has also been stated that the
squeezing and total noise present in quantum state can be adjusted by varying the phase angle.

The chapter is organized for studying sub-poissonian and total noise in degenerate Eight-wave mixing process as
follows: Section 1.2 gives definition of sub-poissonian and total noise of a quantum field state. The higher-order squeezing and
sub-poissonian behaviour of light in terms of total noise are also incorporated in this section. Finally, we conclude this chapter in
Section 2.4.

1. Definition sub-poissonian and total noise of a quantum field state

The notion of total noise of quantum state for a single mode can be defined [42] in terms of the operators which corresponds to
real and imaginary parts of the field amplitude respectively
1 1
X1 :E(A+A’f) and X, :—_(A— AT)
|
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where A= A(t) and Af= Af(t) are the varying operators. For a single mode of the field with frequency and creation (annihilation)
operators a'(a), they are given by

A(t) = a(t)exp(iot) and A’ (t) = a’(t) exp(—iwt)

From equation (5.1), we find that

<X12>+<X22>:<N+%> 2.2)

The total noise, which is measure of the total fluctuations of the amplitude, is

2 2
T(p)=(aX1)" +(aXy) (2:3)
The uncertainty relation for X; and X; is

1
AX1AX 9 > —

4 (24)
which gives the condition for total noise as

T(p)> (AX4)? P

2
(48Xy) 2.5)

Similarly Amplitude —squared squeezing is exist if

(AY,) < <N + 1>
2 (2.6)

The fact increased nonclassicality gives rise to increase in the total noise [42, 43], can be verified by associating total noise with
higher-order squeezing.
Using Hillery’s approach [42] to relate the total noise to the uncertainty relations for the quadrature variables as follows

1
<N +2>
Ty = (AX, F +(AX,)? >
e S TINA e

From equation (5.12), it clears that for fixed <N > , the total noise must increase as AYl decreases. Total noise (Tn) increases in
the quantum state and becomes more squeezed. Hence it may be considered for measuring the depth of nonclassicality.
A state is sub-poissonian if

(AN)? <(N)
where.
N=A"A and (AN )? =<(N —<N>)2>

In order to relate number operator to the total noise of quantum state, let us use Schwartz inequality,

(0w =(xan =) = (k3 =X N NP ¢ ax (a2

(2.8)
This implies that
2. 1 2 1 2
(X PN = (% ~(x) N — ()2 2 G (DXa N = 2 0x2) 9
where [XLNJ:iXZ
Similarly,
(A% P(AN P = 2| x, )P
4 (2.10)
From equations (5.14) and (5.15), we have
4(ANPPL(AX1 )P + (A% P12 (Xq)? + (X )2 2.11)
Using equation (5.2) and simplify, we get
[4(AN Y +1][(AX1)? +(AX 5 ]2 <N +1>
2 2.12)
Therefore, the total noise in quantum state in terms of number operator is
)
N+~
Tn =[(AX,) +(aX,)*1= —22
[4(AN ) +1] (2.13)
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(AN)?

From equation (2.13) it is clear that, the total noise must increase as decreases.
2.3 Sub-poissonian and total noise in fundamental mode in DSWM process

The process in this model, involving absorption of three pump photons having frequency w1 each and emission of two
probe photons (stokes) with frequency w2, each. The atomic system finally returns to ground state by emitting one signal photon of
frequency wz as shown in Figure 5.1.

—— 2
o1 2 o2
Y .
m | /= |3>
--k-
w1 3ws
|0

Figure 1: Degenerate Eight-wave interaction model [45]
The Hamiltonian of this model is (h =1)
H=wa'a+wbb+wcc+ g(asb'ncT3 + a“bzcs) (2.14)
where af(a), bf(b) and c(c) are the creation (annihilation) operators of A = a exp(iont), B = b exp(imat) and C = ¢ exp(iwst),

associated with the relation 3m= 2w, + 3wz respectively and g is the coupling constant between the two modes per second.
The Heisenberg equation of motion for mode A is

A=A [H,A]
ot (2.15)
Using (2.14) in (2.15), we obtain
A s AT2p2~3
Similarly, we obtain the relations for Band Cas
B=-2igA’B'C’ 4 C=-igA’B" (2.17)

2
Using Taylor’s series for expanding A(t) and retaining up to |gt| , We obtain

Aft)= A-3igta™B%C + g g2t?x(6ATAZB™B2CTC +6AB™B2CTC -4AA%BTBCTC

—2ATA%CTC - ATA%B?B2 —4A T2 APBTB-24T2A%)
(2.18)
The real quadrature component in fundamental mode A is given as

1 t
NCEEINGRONC) 219)

[AX A (0] - 1 -39 2t2|a|4 cos 26
4 (2.20)

- afe”

where @ is the phase angle, with F=1AE and

we assume quantum state as a product of coherent states (> for the fundamental mode A, |®> for the Stokes mode B and
vacuum state |0> for the mode C,

v) :|a>A|ﬂ>B|O>C (2.21)

Therefore We obtain,

a” = |a|e_i9

[AX, (OF - % -3 g’?la| (A" + 4B +2)cos 26,

2 (2.22)

JETIRFS06038 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ 221


http://www.jetir.org/

© 2022 JETIR September 2022, Volume 9, Issue 9 www.jetir.org (ISSN-2349-5162)
Further the total noise in this process can be measured as

1 1 4
T.) >[AX, ) +———— >=_39%%al cos 26
()20, OF + et e Eoag e sz

1
1—1292t2|a|4 cos 26

(2.23)

AX =Y.
The expression on the left-hand side of the above inequality reaches a minimum when 1 2" The value of AXlindicates
the classical region. For

0<AXq < Y5,
1 }/ as Adeecreases TN increases.

For second-order squeezing, the real quadrature component of the fundamental mode is expressed as

(414 OF = (YA ) - (14 ©)?

= %[4|05|2 +2—249 242 (a4|a|2 vat+ a*4|a|2 vatt g 4|05|6 + 9|0(|4 + 3|a|2]

(2.24)
Using equation (2.24) and then the number of photon in mode A may be expressed as

Nia(t) = AT @) A= ATA-6g2t2AT3A3
Then, we have

<N1A(t) +%> _ [|a|2 ‘2 —692t2|a|6}
Subtracting (5.41) from (5.39), we get
1
[AViA (OF —<N1A (t)+ §> = —6g th{z cos 46(|a|* +]a|® )+ 3al® + 9fal* + 3|a|2}

(2.27)

(2.25)

(2.26)

Using condition (2.27), we obtain
[aY, OF —<N1A B +%> _ 32 cos a6laf +]af )+ 3 +Ja+ 3af N + 487 +2

(2.28)
Further the total noise in terms of second-order squeezing,

<N1A (t)+ ;>

AAY A O +1

(Tn)y 2

laf +;—692t2|a|6

Z ra \
dof? +3-249% (o + o )2c0s 40 + Ao +9le* + 3o |
(2.29)

2
Equation (2,28), shows that for fixed <N > , the total noise must increase as [AY (t )] decreases.
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Figure 2: Variation of Total noise (TN ) in quantum state with |a| (when |gt| =10 and?=0) (dashed line: first-
T
order (TN )X and solid line: second-order( N )y

The variation of second-order squeezing in terms of total noise with |(|? is shown in figure 2. For |B|> = 0 corresponds to
spontaneous process. The steady raise of the curves (figure 2) shows the total noise increases with increase of the number of
photons (|{|?). It infers that the depth of nonclassicality directly depends on the large number of photons. This also suggests that
the more squeezed the state is, the greater is its total noise.

A comparison between figures shows greater total noise and hence greater squeezing in second-order than in first-order,
having same number of photons.the maximum total noise is possible in higher-order (second-order) squeezing. It again infer that
the more squeezed the state is, the greater is its total noise.

Using (2.25) and (2.27), the sub-Poissonian photon statistics in the fundamental mode is

[ANgA ©F - (N1a (1) = -30g 2t2|0‘|6 (2.30)

For studying sub-Poissonian photon statistics behaviour, let us plot a sketch between Sn and [(|? as shown in figure 3.
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Figure 3: Variation of sub-poissonian states (Sn) with |a| (when |g | and 0=0)
The figure 2 show that the sub-poissonian statistics properties of light is directly proportional to the number of photons
i.e. sub-poissonian statistics of light increases with increasing [{|°>. Thus, the degree of sub-poissonian photon statistics is also
associated with large number of photons.
Hence, the total noise related to number operator,
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1 1
Nia®+2) o += -69%t?|of®
), > 2/ 2
N /n

CAANA P 1 dof? +1-1449%% 0’

(2.30)

2
From above equation (2.30), it is evident that for fixed <N > as [AN (t)] decreases, then TN must increases. The variation of
total noise in terms of number operator (Tn), with [{[? is shown in figure 4. The steady raise of the curve (figure 3) shows the total
noise increases with increase of the number of photons [(>. Therefore, as state becomes more sub-poissonian

{AN(t%m = decreasing }
as its total noise increases.
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Figure 4: Variation of Total noise (TN )n in sub-poissonian state with |a

2 _.~-8
(when |gt| =10 and 0= O)

2.4 CONCLUSIONS

In this chapter It is shown that greater total noise and hence greater squeezing exist in second-order than in first-order,
having same number of photons. The result agrees with the result of Hillery [42]. Hence the maximum total noise is possible in
higher-order squeezing. It is inferred that the more squeezed the state is, the greater is its total noise in the system. It is also found
that total noise increases in the quantum state and becomes more squeezed state. Hence it may be considered for measuring the
depth of nonclassicality of any quantum state.

It is shown that the sub-poissonian statistical properties of light is directly proportional to number of photons of the
fundamental mode i.e. sub-poissonian states of light increases with increasing |([°. It is found that the total noise increases with
increase of the number of photons [(|?. Therefore, as state becomes more sub-poissonian and its total noise increases.

These results suggest that the desired degree of squeezing, sub-poissonian and total noise can be obtained by using short
interaction time and number of photons present in the radiation field before interaction in the system. Hence, the total noise of a
quantum state can be measured the depth of nonclassicality i.e. more nonclassical a state (squeezing and sub-poissonian) of the
field in any system.
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