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Abstract. This paper investigates the generation of Signal to Noise
Ratio (SNR) in Coherent anti-Stokes Raman Scattering (CARS)
process in various orders of field amplitude for a squeezed light.
Furthermore, we show that the signal-to-noise ratio is enhanced at
lower orders of the field amplitude and scales proportionally with the
number of pump photons present in the nonlinear medium before the
interaction.
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1. Introduction

Squeezed light means a type of electromagnetic field (EM field) in Quantum
Mechanics where the noise in one of two quadratures is reduced, while the orthogonal
quadrature has more quantum uncertainty relative to the coherent state. Hong and
Mandel [1, 2] and Hillery [3, 4] first proposed the principle of reducing quantum
fluctuations in quantized EM field through their work on nonlinear optics. Many types
of nonlinear optical processes have produced squeezed light which include harmonic
generation [5-7], multi-wave mixing [8-11], Raman scattering [12], and hyper-Raman
scattering [13]. Squeezed light possesses a desirable property of low noise [14, 15],
which makes it useful for many applications such as gravitational wave detection [16],
optical communications [17], dense coding [18], and quantum cryptography [19].

Earlier authors have investigated the squeezed light in fundamental mode in CARS
process [20]. In this paper, we shall investigate how the signal-to-noise ratio varies
with the orders of field amplitude of squeezed light in the CARS process. The CARS
process involves the transfer of energy from Stokes to the anti-Stokes fields due to
their coupling with the vibrational states of the material under the influence of intense
pump field. Maker and Terhune described this phenomenon in their research on
nonlinear optics [21] that CARS process is applied for many purposes such as
substance identification and in spectroscopy [22, 23].
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Furthermore, the results of this study can be summarized as follows: SNR
expressions for both the pump field and square of the field amplitude for the squeezed
light were derived in Section 2. In Sections 3 and 4, we will discuss our results and
conclude with some final remarks.

2. SNR in CARS Process

The process CARS relies on the coupling of a laser beam at pump frequency @, with
nonlinear material, producing a Stokes photon of frequency w,. The Stokes photon
interacts with another laser photon of frequency @, in order to absorb it and emit an
anti-Stokes photon of frequency @,.. Finally, the atom reverts back to the original state
such as 20, =w, + @,..

Hamiltonian for the above considered process is

H=w,4"4 +@,B'B + 0.C'C, + g(AB AC + 4B A'C,) taking (h=1)

(1)

where g is coupling parameter and the raising (lowering) operators of modes A, B

and C are AT (A , B (B,) and CT(C . Average value of quadrature component
1 1 1 1 1 1

)A(“A1 (?) of the field amplitude has been studied earlier [20] which is,

<1// X, (t)‘l//> =%[a'+a'*—gztz (a'|a'|2 +a"” |05'|2 )J ®)

Hence noise in Xl/]1 (?)is

(A%, (OF =(X2, )~ (%, ) G)
Hence,
[A)A(m] (I)T = i[] _ g (a tavdlal )} 4)

In a similar way, the mean value of the quadrature component of the squared field

amplitude )}121 (?) is expressed as [25]

(v

Yull (t)“//> =%[05'2+ a-g'r (20! Yla +2a?a +a?ra’ )} (5)
As a result, noise is obtained as
[AYAIAI (Z)]2 ={|a'|2 +%—g212 (a'4+a'*4+8|a'|2 +6|06'|4 +1)} ©)

The equations (4) and (6) give the fluctuation in quadrature components of normal
and squared of field amplitude in CARS process where ' =| a | e®and (0'*).=| a |
e " @ is the phase associated with the electromagnetic field and a’*denotes the
complex conjugate of a'. To examine squeezing in stimulated CARS process, the
initial quantum state|y) is considered as a product of coherent states | a) for the
pump mode A, vacuum state| 0)for the Stokes mode B, and for signal mode C, i.e.,

[ ) =la), | 0)g | 0)¢ and |a'|* = (N) represents the mean photon number of the
coherent component of the single-mode squeezed state.
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The ratio of signal to noise magnitude is known as SNR. The greatest signal to
noise ratio in the field quadrature Xul (¢) and IA’IA (¢) is provided below with the

approximations =0 and g°t* <1.
Equations (2) and (4) provide the SNR in field amplitude as,

X (r)>2

SNR, =20*log,, LZ =20% log10(§|a'|2) (7)

|:AX1’:11 (t):|

From equations (6) and (7), SNR in ?1;1 (¢)is given as

(®)

<’}14 t)>
SNR, =20*log,, =————=20*log,, pr e
[AYM](O} 8la|" +8la| +1

Equations (7) and (8) show the first and second order SNR ratio in )A(l;1 (¢) and

YAIA (t) respectively.

3. Results

The results demonstrate the existence of SNR in field amplitude and its square for a
squeezed state in CARS process as obtain in equation (6) and (7) respectively. As we
move toward higher-order field amplitudes, squeezing increases and the noise
decreases. Hence, the signal-to-noise ratio (SNR) increases for higher-order field

amplitudes in squeezed light. Taking g2t2 =10"" and @=0 for SNR have maximum
value, the variations of SNR in different order of field amplitude for a squeezed state

in CARS with photon number i.e. |a'| present prior to interaction are shown in

Figures 1 and 2.
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Figurel. SNR of field amplitude for a squeezed lightin CARS process.
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Figure 2. SNR for square of field amplitude for a squeezed light in CARS process.

4. Conclusion

The SNR depends directly on the number of pump photons which grows nonlinearly
with the available number of photons before interaction, as shown in Figures 1 and 2.
The SNR in field amplitude is higher than the SNR in square of field amplitude for a
squeezed light, as can be seen by comparing Figures 1 and 2. Overall, we can say that
the SNR decreases as we approach higher orders of the field amplitude.
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