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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 inc lude 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 A  with 
nonlinear material, producing a Stokes photon of frequency B . The Stokes photon 
interacts with another laser photon of frequency A  in order to absorb it and emit an 
anti-Stokes photon of frequency C . Finally, the atom reverts back to the original state 
such as 2 A B C  = + . 

Hamiltonian for the above considered process is  
† † † † † † †

1 1 1 1 1 1 1 1 1 1 1 1 1 1
ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ( )A B CH A A B B C C g A B A C A B A C  = + + + + taking ( )1=  

                    (1) 
where g is coupling parameter and the raising (lowering) operators of modes A, B 

and C are ( )†
1 1

ˆ ˆA A , ( )†
1 1

ˆ ˆB B  and †
1 1

ˆ ˆ( )C C . Average value of quadrature component

1
ˆ1

ˆ ( )AX t of the field amplitude has been studied earlier [20] which is, 

( ) ( )
1

2 2* 2 2 *
ˆ1

1ˆ ' ' ' ' ' '
2AX t g t        = + − +
                                   (2) 

Hence noise in 
1

ˆ1
ˆ ( )AX t is 

1 1 1

2
2 2

ˆ ˆ ˆ1 1 1
ˆ ˆ ˆ[ ( )] ( ) ( )A A AX t X t X t = −                                                                    (3) 

Hence, 

( )
1

2 22 2 2 *2
ˆ1

1ˆ ( ) 1 ' ' 4 '
4AX t g t      = − + +                                                    (4) 

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

1
ˆ1̂ ( )AY t  is expressed as [25]

( ) ( )
1

2 22 *2 2 2 2 *2 2 *2
ˆ1

1ˆ ' ' 2 ' ' 2 ' ' ' '
2AY t g t          = + − + + +
            (5) 

As a result, noise is obtained as 

( )
1

2 2 2 42 2 4 *4
ˆ1

1ˆ ( ) ' ' ' 8 ' 6 ' 1
2AY t g t       = + − + + + +    

                      (6) 

The equations (4) and (6) give the fluctuation in quadrature components of normal 
and squared of field amplitude in CARS process where 𝛼𝛼′ =∣ 𝛼𝛼 ∣ 𝑒𝑒𝑖𝑖𝑖𝑖and (α′*). =∣ 𝛼𝛼 ∣
𝑒𝑒−𝑖𝑖𝑖𝑖; 𝜃𝜃 is the phase associated with the electromagnetic field and 𝛼𝛼′∗denotes the 
complex conjugate of 𝛼𝛼′. To examine squeezing in stimulated CARS process, the 
initial quantum state∣ψ⟩ is considered as a product of coherent states ∣ 𝛼𝛼⟩ for the 
pump mode A, vacuum state∣ 0⟩for the Stokes mode B, and for signal mode C, i.e., 

∣ 𝜓𝜓⟩ =∣ 𝛼𝛼⟩𝐴𝐴 ∣ 0⟩𝐵𝐵 ∣ 0⟩𝐶𝐶 and |α′|² = ⟨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

1
ˆ1

ˆ ( )AX t  and 
1

ˆ1̂ ( )AY t  is provided below with the 

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

1

1

2

ˆ1 2
1 10 102

ˆ1

ˆ ( ) 420 * log 20 * log ( ' )
3ˆ ( )

A

A

X t
SNR

X t
= =

  

                                       (7) 

From equations (6) and (7), SNR in 
1

ˆ1̂ ( )AY t is given as 

1

1

2
6 4

ˆ1
2 10 102 4 2

ˆ1

ˆ ( ) 4 ' 2 '
20 * log 20 * log

8 ' 8 ' 1ˆ ( )

A

A

Y t
SNR

Y t

 

 

 +
 = =
 + +    

                    (8) 

Equations (7) and (8) show the first and second order SNR ratio in 
1

ˆ1
ˆ ( )AX t  and 

1
ˆ1̂ ( )AY 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 2 2 410g t −=  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. 

2' present prior to interaction are shown in 
Figures 1 and 2. 

 
Figure1. 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. 

References 
1. C.K. Hong, L. Mandel, Higher-order squeezing of a quantum field. Phys. Rev. 

Lett. 54, 323–325 (1985).https://doi.org/10.1103/PhysRevLett.54.323 
2. C.K. Hong, L. Mandel, Generation of higher-order squeezing of quantum 

electromagnetic fields. Phys. Rev. A 32, 974–982 
(1985).https://doi.org/10.1103/PhysRevA.32.974 

3. M. Hillery, Squeezing of the square of the field amplitude in second harmonic 
generation. Opt. Commun. 62, 135–138 (1987).https://doi.org/10.1016/0030-
4018(87)90097-6 

4. M. Hillery, Amplitude squared squeezing of the electromagnetic field. Phys. Rev. 
A 36, 3796–3802 (1987).https://doi.org/10.1103/PhysRevA.36.3796 

5. S.T. Gevorkyan, G.Y. Kryuchkyan, K.V. Kheruntsyan, Noise, instability and 
squeezing in third harmonic generation. Opt. Commun. 134, 440–446 
(1997).https://doi.org/10.1016/S0030-4018(96)00520-2 

6. S. Gill, S. Rani, N. Singh, Higher order amplitude squeezing in fourth and fifth 
harmonic generation. Indian J. Phys. 86, 371–375 
(2012).https://doi.org/10.1007/s12648-012-0060-z 

7. J. Lal, R.M.P. Jaiswal, Amplitude cubed squeezing in Kth harmonic generation. 
Indian J. Pure Appl. Phys. 36, 481–484 (1998). 

8. M.D. Reid, D.F. Walls, Generation of squeezed states via degenerate four-wave 
mixing. Phys. Rev. A 31, 1622–1635 
(1985).https://doi.org/10.1103/PhysRevA.31.1622 

 
9. R. Slusher, L.W. Hollberg, B. Yurke, J.C. Mertz, J.F. Valley, Observation of 

squeezed states generated by four wave mixing in an optical cavity. Phys. Rev. 
Lett. 55, 2409–2412 (1985).https://doi.org/10.1103/PhysRevLett.55.2409 

0 10 20 30 40 50 60
-120

-100

-80

-60

-40

-20

0

20

40

| |2

SN
R2

(d
B)

4

EPJ Web of Conferences 375, 01003 (2026)	 https://doi.org/10.1051/epjconf/202637501003
RTEP-2026



10. S. Gill, Squeezing in stimulated seven wave mixing process. Int. J. Res. Sci. 
Innov. 3, 41–43 (2016). 

11. Priyanka, S. Gill, Advances in Communication and Computational Technology 
(Springer, Singapore, 2021). 

12. B. Sen, S. Mandal, Amplitude-squared and amplitude-cubed squeezing in 
stimulated Raman and in spontaneous Raman scattering. J. Mod. Opt. 55, 1697–
1711 (2008). https://doi.org/10.1080/09500340701765782 

13. A. Kumar, P.S. Gupta, Higher-order amplitude squeezing in hyper-Raman 
scattering under short time approximation. Quantum Semiclassical Opt. 8, 1053–
1060 (1996).DOI 10.1088/1355-5111/8/5/010 

14. B.E.A. Saleh, M.C. Teich, Can the channel capacity of a light-wave 
communication system be increased by the use of photon-number–squeezed light? 
Phys. Rev. Lett. 58, 2656–2659 
(1987).https://doi.org/10.1103/PhysRevLett.58.2656 

15. R. Loudon, P.L. Knight, Squeezed light. J. Mod. Opt. 34, 709–759 
(1987).https://doi.org/10.1080/09500348714550721 

16. C.M. Caves, Quantum mechanical noise in an interferometer. Phys. Rev. D 23, 
1693–1708 (1981).https://doi.org/10.1103/PhysRevD.23.1693 

17. H. Yuen, J. Shapiro, Optical communication with two-photon coherent states—
Part I: Quantum state propagation and quantum-noise. IEEE Trans. Inf. Theory 
24, 657–668 (1978).https://doi.org/10.1109/TIT.1978.1055958 

18. S.L. Braunstein, H.J. Kimble, Quantum Information with Continuous Variables 
(Springer, Dordrecht, 2000). 

19. C.H. Bennett, G. Brassard, N.D. Mermin, Quantum cryptography without Bell’s 
theorem. Phys. Rev. Lett. 68, 557–559 
(1992).https://doi.org/10.1103/PhysRevLett.68.557 

20. D.K. Giri, P.S. Gupta, M.K. Mahan, A. Prasad, Higher-order squeezing and sub 
Poissonian photon statistics in CARS and CAHRS. Opt. Quantum Electron. 42, 
215–229 (2010).https://doi.org/10.1007/s11082-011-9445-z 

21. P.D. Maker, R.W. Terhune, Study of optical effects due to an induced polarization 
third order in the electric field strength. Phys. Rev. 137, 801–818 
(1965).https://doi.org/10.1103/PhysRev.137.A801 

22. H. Vogt, Light Scattering in Solids II (Springer, Berlin, Heidelberg, 1982).  
23. A.M. Zheltikov, P. Radi, Non-linear Raman spectroscopy 75 years after the Nobel 

Prize for the discovery of Raman scattering and 40 years after the first CARS 
experiments. J. Raman Spectrosc. 36, 92–94 
(2005).https://doi.org/10.1002/jrs.1299 

 

5

EPJ Web of Conferences 375, 01003 (2026)	 https://doi.org/10.1051/epjconf/202637501003
RTEP-2026


