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Causal Relationship of Entanglement Between Birefringence Beams of Light Through Chiral Medium.
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 (
±
)The casual relationship between two split rays (left and right) circularly polarized beams through the chiral medium  are investigated in this  article.  Using  partial transposition and  superposition  of bell states to investigate entanglement phenomenon between the left and right circular polarization beams through the negativity of eigenvalues. Measurement of partial transposition shows two fluc- tuated positive and negative eigenvalues with time flow and space variation.  The maximum positive and negative value of     0.5 is investigated with the variation of space, time, and system parameters. The existence of negative eigenvalues pointed out entanglement between the birefringent beams. Fluctuation of positive and negative eigenvalues shows fluctuation  between  separable  and  entan- gled states. The theoretical results may be useful for super-dense coding, quantum cryptography, quantum bits, and quantum teleportation of optical technology.



I. INTRODUCTION

Quantum entanglement is the phenomenon that involves the interaction between two or more particles that are connected in such a way that an action on one particle affects the other, even if they are separated by long distance[1]. Quantum entanglement plays important role in various quantum technologies i.e dimension of high entangled state for light[2], correction of quantum error[3], quantum teleportation, computation and communication[4], entanglement- enhanced communication[5]. Recent ideas have argued the quantum information for the manipulations of pairs of photons[6], and the correlation of quantum transport[7]. Entanglement is the mark of the quantum world. One portion of an entangled arrangement has its properties entirely indeterminate yet entirely connected through the properties of its matching part[8]. Einstein’s paper of 1935, where, jointly with Boris Podolsky and Nathan Rosen he introduces the notion of entanglement into the consideration on the fundamentals of quantum mechanics. It had a very attractive reaction. In the establishment, it seemed a few citations, but then it was in effect ignored until John Bell discovered that the predictions of quantum mechanics are in divergence with the confined realistic theory[9].
Firstly entanglement was revealed for microscopic material systems[10, 11]. It is attractive to observe it for intense photonic states [11, 12], since bright light is a good deal more proficient in communications than only photons in a vacuum. Entanglement is discussed theoretically[12, 13] but was never experienced experimentally. chance mea- surements could single reveal entanglement for up to 12 photons. The operation of entanglement in communication, computation, and quantum radar is a very active area of research and development[14]. Yet, the large new improve- ment in cooling atomic systems, in particular, to form Bose-Einstein condensates (BECs), makes such entanglement tests to a great extent more realistic[15].
In the field of quantum information (QI) the achievement of mainly basic quantum communication protocols con- necting bipartite entanglements, such as quantum teleportation[16], super-dense coding[17], entanglement swapping and a number of important quantum cryptographic schemes[18], requires the entire and deterministic detection of the Bell states. The based quantum information technology techniques to a vast extent have been studied[19]. Such aspects of research about the theory of quantum information has been studied and manipulate widely through experimental[20] and theoratical[21]. Every system cannot be represented independently, yet if they are non-local[22]. The photons are travel through an independent root with one particle is manipulated. This ability can be used in quantum network[23]. If the system is casually not correlated to each other then it can be effective immediately the state of one quantum state by another anywhere in the universe which is confirmed from the measurement of physical behaviour[24]. The result is for manipulation of quantum communication[25]. The time-domain and chiral medium between the entangled particles was not explained by the EPR paradox and many more. The complex medium between the entangled particles was discussed by unscrambling entanglement in a complex medium[26].
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A large number research articles have been published for the control and modification of quantum entanglement in which some of the articles are given above. In my knowledge there is no work to modify quantum entanglement between birefringent of light in a chiral medium by applied driving fields. In this article a four level chiral atomic medium driving by electric and magnetic probes field as well as a control field to obtain over the control and modification in birefringence. The bell state of birefringent beams is used to check negativity of the eigenvalues by partial transposition mechanism. Significant oscillation between positive and negative eigenvalues are reported. The work of this article may be fruitful application in quantum teleportation, quantum cryptography, quantum bits, super-dense coding, quantum protocols, and the dimension of high entangled states for the light of optical technology in the modern world.

II. MODEL AND ITS DYNAMICS
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)To control and modified entanglement between the left and right circularly polarized beams a four level chiral atomic medium is under consideration. The four level configuration chiral medium is driving by electric and magnetic probes and a control fields.  The electric probe field Ep having Rabi frequency Ωp and detuning ∆p = ωp   ω14 is coupled between the states  1  and  4 .  The magnetic probe field Bm having Rabi frequency Ωm and detuning
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)∆m = ωm ω23 is coupled between the states 2 and 3 . A strong control field Ec having Rabi frequency Ωc and detuning  ∆c  =  ωc      ω34  is  coupled  between  the  states   1    and   4  .   where  Ωp  =  σ14.Ep/¯h,  Ωm  =  µ23.Bm/¯h  and
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)Ωc = σ34.Ec/h¯.  The  terms  Q14,  σ34 and  µ14 are  electric  and  magnetic  dipole  matrix  element  between  the  two  states. Now the states |1⟩ and |2⟩ are initially in the superposition condition, for which |ψ⟩ = √q |1⟩ +     1 − qeiφ |2⟩. The
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)zero order density matrix is written for the superposition states is ρ(0) = ψ ψ . The decay terms between the two states are written as γij.
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FIG. 1: The scheme of proposed energy level diagram of four-level atomic system.

To evaluate the optical response of chiral atomic medium the following Hamiltonian has proceeded in the dipole and rotating wave approximations:
 (
2
)HI   = − h¯ [Ωpe−i∆pt |1⟩ ⟨4| + Ωme−i∆mt |2⟩ ⟨3| + Ωce−i∆ct |3⟩ ⟨4|] + H.c.	(1)
where a† is production and a inhalation operators. Using the authority of the following master equation, sixteen equations and density matrix can be evaluated.
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are coupled with each others. To solve the coupled rates equation the first order perturbation condition is applied. The states |1⟩ and |2⟩ is initially in the superposition condition, for which |ψ⟩ = √q |1⟩ + √1 − qeiφ |1⟩. The zero
order density matrix is written for the superposition states is ρ(0) = |ψ⟩ ⟨ψ|. The zero order terms are calculated from
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)rates equations are obtained for the dynamics of the system by using the master Eq.(2). As the probe electric field is between 1 and 4 states and magnetic field is applied between 2 and 3   states.   Using the master eq.2, the following two electric and magnetic explicitly time independent coupled rates equations are calculated after first order perturbation and zeroth order superposition:
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Using B = µ0(H + M ) the polarization and magnetization are simplified to the following form in terms of E and H.
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The electric polarization in term of chiral coefficient and electric susceptibility is in the available literatures as:
P = ϵ χ E + ξEH H	(11)
0  e	c


The magnetization in term of chiral coefficient and magnetic susceptibility is in the available literatures as:


M = ξHE E + χ

H	(12)

µ0ϵ0	m
Comparing eq.9 and eq.11 as well as eq.10 and eq.12 the following electric and magnetization susceptibility as well as chiral coefficients are calculated.
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Here the four values of A1, A2, A3, and A4 are,
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A4 = i(∆m + ∆c) − 2 γ32	(26)


Ωc = Reiφ	(27)


Ω∗c  = Re−iφ	(28)
and N in eq.16 represents the atomic number density. The complex refractive index for chiral medium is written as:
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The propagation vectors of the left and right circularly polarized are written as:
 (
r
)k(±) = k0n(±)
Now supposing the bell states with k space and distance L by partial transposition we will get the relation is,
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where

|ψ⟩ = α1|ψ1⟩ + α2|ψ2⟩ + α3|ψ3⟩ + α4|ψ4⟩	(31)











and

α1 = cos((k + k+ − k−)L − ωt)	(32)
α2 = sin((k + k+ − k−)L − ωt)	(33)
α3 = cos((k + k− − k+)L − ωt)	(34)
α4 = sin((k + k− − k+)L − ωt)	(35)
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ρ = |ψ⟩⟨ψ|	(40)
By partial transposition we can change the basis with respect to each other, and we get the matrix which is,
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f1 = Abs[β1]2, f2 = Abs[β2]2, f3 = Abs[β3]2 and f4 = Abs[β4]2

III. RESULTS AND DISCUSSIONS

 (
×
×
) (
×
×
)In this work, the analytical results and their graphical simulations are discussed for the birefringence beams of light and the corresponding entanglement phenomena between birefringent beams. The representation of superposition and bell states of separability and corresponding negative and positive values of the eigenvalues are discussing in this works. Using the partial transposition of the density matrix of eqs.40 and 41, from which four eigenvalues are calculated. These values are λ1, λ2, λ3 and λ4. Among these four eigenvalues two eigenvalues λ3 and λ4 are positive. The other two eigenvalues λ1 and λ2 fluctuated in time between positive and negative values. The fluctuation of eigenvalues between positive and negative values with time shows rapid oscillation between separability and entanglement between the left and right circularly polarized beams. The decay rate is taken to γ = 1GHz and other frequencies and detunings parameters are scaled to this decay rate γ.  The speed of light is taken c = 3    108m/s.  The constant h¯  = 1.02    10−34Js, ϵ0 = 8.85    10−12F/m and µ0 = 1.25663    10−6. The free space wave-vector of light is taken as k0 = 2πc/λ, where λ = 2πc/ω and ω = 1000γ. Further q = 0.5 and atomic number density N = 1023atom/cm3
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 (
|
|
)FIG. 2: Fluctuation of eigenvalues λ1,2,3,4 versus t/τ0 and L/λ, such as γ41,43,31,32 = 2γ,  Ωc  = 5γ, ∆c,p = 0γ, ∆m = 0.001γ,
ϕ = 0 and ϕs = 0, τ0 = 0.001s
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 (
|
|
)FIG. 3: Fluctuation of eigenvalues λ1,2,3,4 versus t/τ0 and ∆p/γ, such as γ41,43,31,32 = 2γ, Ωc  = 5γ, ∆c = 0.005γ, ∆m = 0.001γ,
ϕ = 0 and ϕs = 0, τ0 = 0.001s, L = 5λ


 (
±
)In FIG.2, the plots are traced for the eigenvalues λ1 and λ2, λ3 and λ4 versus t/τ0 and L/λ. The eigenvalues of λ1 and λ2 are strong oscillating function of t/τ0 normalized to beam width τ0 and space L/λ normalized to wavelength λ. The eigenvalue λ1,2 show maximum positive and negative value of 0.5 at different point of t, L. It some point of the (t, L) the value is negative and other points of t, L) its value is positive. Positive value show separability of the two beams and negative value show entanglement between the two beams as shown FIG.2(a,b). The value of other two eigenvalues λ3, λ4 has positive and oscillated with t/τ0 and L/λ. These two eigenvalues have no negatively both with time and space variation as shown in FIG.2(c,d).
 (
±
)In FIG.3, the plots are traced for the eigenvalues λ1 and λ2, λ3 and λ4 versus t/τ0 and ∆p/γ. The eigenvalues of λ1 and λ2 oscillated with time t/τ0 and probe detuning ∆p/γ normalized to decay rate γ. The eigenvalue λ1,2 show maximum negative and positive value of 0.5 at different point of t, ∆p. Some point of(t, ∆p) its value is negative and other points of t, ∆p) its value is positive as shown FIG.3(a,b).  The other two eigenvalues λ3, λ4 has positive value and oscillated with t/τ0 and ∆p/γ as shown in FIG.3(c,d).
 (
±
) (
|
|
) (
|
|
) (
|
|
)In FIG.4,  the plots are traced for the eigenvalues λ1 and λ2, λ3 and λ4 versus t/τ0 and   Ωc /γ.  The eigenvalues of λ1 and λ2 are also oscillated in time t/τ0 and control field Rabi frequency Ωc /γ. The eigenvalue λ1,2 show maximum negative and positive value of 0.5 at different point of t, Ωc. It is positive value at some point (t, Ωc) and negative value at other points of t, Ωc) as shown FIG.4(a,b). The value of other two eigenvalues λ3, λ4 has positive and oscillated with t/τ0 and Ωc /γ as shown in FIG.4(c,d).
In FIG.5, the plots are traced for the eigenvalues λ1 and λ2, λ3 and λ4 versus t/τ0 and ∆c/γ. The eigenvalues of
λ1 and λ2 oscillated with time t/τ0 and control field detuning ∆c/γ normalized to decay rate γ. The eigenvalues λ1,2
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|
|
|
|
)FIG. 4: Fluctuation of eigenvalues λ1,2,3,4 versus t/τ0 and Ωc /γ, such as γ41,43,31,32 = 2γ,  Ωc  = 5γ, ∆c = 0.005γ, ∆p = 0.5γ,
∆m = 0.001γ, ϕ = 0 and ϕs = 0, τ0 = 0.001s, L = 5λ
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 (
|
|
)FIG. 5: Fluctuation of eigenvalues λ1,2,3,4 versus t/τ0 and ∆p/γ, such as γ41,43,31,32 = 2γ,  Ωc  = 5γ, ∆p = 0.5γ, ∆m = 0.001γ,
ϕ = 0 and ϕs = 0, τ0 = 0.001s, L = 5λ


 (
±
)show maximum negative and positive value of 0.5 at different point of t, ∆c. It has positive value at some point of the (t, ∆c) and negative value at other points of t, ∆c) as shown FIG.5(a,b). The other two eigenvalues λ3, λ4 has positive value and oscillated with t/τ0 and ∆c/γ as shown in FIG.5(c,d).

IV. CONCLUSION

 (
±
)In conclusion, the four-level chiral atomic model is used for the modification of birefringent beams of light. The left and right circularly polarized are controlling with system parameters. The casual relationship between two split rays (left and right) circularly polarized beams through the chiral medium are investigated by bell states formalism. Using partial transposition and superposition of bell states to investigate entanglement phenomenon between the left and right circular polarization beams through the negativity of eigenvalues. Measurement of partial transposition shows two fluctuated positive and negative eigenvalues with time flow, spatial variation, and system parameters. The maximum positive and negative value of 0.5 is investigated with variation of space, time and system parameters. The existence of negative eigenvalues pointed out entanglement between the birefringence of left and right circularly polarized beams. Fluctuation of positive and negative eigenvalues shows fluctuation between separable and entangled states. The theoretical results may be useful for super-dense coding, quantum cryptography, quantum bits, and


quantum teleportation of optical technology.
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