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Abstract: In this paper, model of optical state truncation of two cavity modes are
analysed. The Kerr nonlinear coupler with two of them pumped by external
classical fields, which is assumed to be decomposed into two parts: a coherent part
and a white noise. We can see that the quantum evolution of the pumped couplers is
closed in a Hilbert space of two-qubit spanned by single-photon and vacuum states
only. Hence, the pumped couplers can treat as a system of two-qubit. Analysis of
time evolution of the quantum entanglement shows that maximally entangled states
can be generated and compare these results with that obtained previously in the
literature.
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1. INTRODUCTION

An important research area in quantum optics is methods for manipulation of
nonclassical states of light, especially in relation to possible optical implementations of
systems for quantum communication and quantum computers and quantum cryptography
[1]. Among the various schemes for the generation of optical-qubit, the device of quantum
scissors of Pegg et al. [2] produces a superposition of single-photon and vacuum states, by
optical-state truncation of an input single-mode coherent light. The quantum scissors
device was considered in numerous papers [3—8]. In all above-mentioned schemes are
restricted to the single-mode optical truncation and have supposed that the laser light is
perfectly monochrome. Nevertheless, a real laser is never completely monochrome and it
is usually modeled by Gaussian process. Furthermore, exactly analytical averaging of
stochastic equations with Gaussian process is a not easy task. Nearly only the extreme case
of white noise has been well studied. Even for the case of white noise, we can achieve
some interesting results [9-12]. Here we should expand the formalism given in [13] to the
more realistic case, when the laser width should be taken into account. By generalising
former scheme in [14], we display a realization of nonlinear quantum scissors for optical-
state truncation of two cavity modes by means of a pumped nonlinear coupler. We analyze
Kerr-like nonlinear couplers that can be modelled by systems composed of two quantum
nonlinear oscillators linearly coupled to each other and these oscillators are excited by the
external fields, which are assumed to be decomposed into two parts: a coherent part and
white noise. We consider scheme based on the coupler with an external excitation of the
coupler with two modes pumped. We demonstrate that the states generated in the excited
nonlinear couplers under appropriate conditions can be limited to a superposition of only
single-photon and vacuum states. We compare the possibilities of generation of Bell states
by the couplers excited in two modes when chaotic parameter is present and absent.

2. COUPLER PUMPED IN TWO MODES

This section is devoted to the general scheme of Kerr-like nonlinear coupler, which
includes two nonlinear oscillators linearly coupled to each other and linearly coupled to
external excitations. We suppose here that both modes of the coupler are excited by
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external classical fields, whereas for the case considered previously we supposed that only
one of the modes was coupled to the external classical field [12]. The Hamiltonian
describing such system is of the form

~ AL A 2 A \2 A ~ ~ ~ ~
H=w,a%+oh"b+ %(Eﬁ) %+ %(b*) b2+ edtb+c'abt +adt +a’a+ pb + Bb (1)

where &(15) and a* (15)+ are boson annihilation and creation operators, respectively; the

parameters y, and y;, are constants of the nonlinearity of the oscillators ¢ and b,
respectively; & is the strength of the oscillator-oscillator coupling; « and g are the
strength of the external excitation of the oscillators a and b, respectively.

We assume that amplitude of the external classical field includes two parts: a
deterministic coherent part and a randomly fluctuating chaotic part (white noise) and shall
restrict ourselves to the case of real ¢ =« = f#. In addition, we also presume that for the
time =0, two oscillators are in vacuum states, so we can write the wave function of our
model as

‘W«)o) (t)> = coo(t)‘ O>a 0>b +CIO(t)‘1>u O>b +001(t)‘ O>a 1>b +cll(t)‘1>a 1>b' @)
Hence, we obtain the solutions of stochastic averages equations of the variables for the

probability amplitudes c¢,,, (t ) (m,n=0,1) as (we shall focus here only on physical

aspects of the problem because the volume of this paper is limited, whereas the
mathematical details of this procedure will be discussed elsewhere [15]):
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Where: ¢, is a coherent component of the external classical field, @ is chaotic parameter,

6, =[5a; +4a,a, +4al, and 6, = \[13a; +44a,a, +68a; -
We are going to express the derived wave function in the Bell basis
lw)=b,|B,)+b,|B,)+b,|B, )+ b,|B,) “)

Where: ‘ B,->’ i =1,2,3,4 are Bell-like states, which can be expressed as functions of the

n -photon states discussed here:
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these states are maximally entangled states.

The entanglement degree of the system is defined as in [16]:
E(t) =—p.log, p—(1- p).log,(1- p), (6)

1+41-C?

in which p = — and C = 2|cy (1), () — ¢y (1), (¢)| - These results show that in the

absence of chaotic component, our result becomes exactly the same as that obtained by
Miranowicz et al. [13]. The entanglement degree of states (2) is shown in figure 1. For the
case g, =0, entanglement degree of states (2) varies over period of time. The maximum

values of them gradually reduce after each period T z27r/|0!|. The entanglement can

maximally achieve at the time of #(n)=(n—1/2)T . At the time of (1) =(1/2)T, the

entanglement can maximally achieve 0.995 ebits. When the chaotic component is present,
entanglement degree of states (2) also varies over period of time but the maximum values of
them gradually increase and the entanglement can also maximally achieves 0.995 ebits but
the maximum position change in comparison to the case when ¢, =0.

0.9

Figure 1. Entanglements degree
of the generated states by the
coupler pumped in two modes
with a, =5x10’rad/s. Solid line:
a, =0. Dotted line: a,=5x10"
radys. Dashed-dotted  line:
a, =5x10’ rad/s. The time unit is

1/ y.
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When we express the states (2) in the basis of the Bell states, the probabilities of finding
the system in these states are shown in figure 2. We can see that when a,=0, the

probabilities to the system exists in Bell states B, and B, vary with time corresponds to the
modulation of the oscillations with frequencies greater according to the oscillations with
frequencies smaller. Maximum entanglement of the states B, achieves 0.992 ebits and B,
achieves 0.997 ebits. When ¢, =0, the probabilities to the system exists in Bell states B,

and B, also vary with time but the maximum position of them change and maximum
entanglement of these states decrease in comparison to the case when the chaotic
component is absent.

On the other hand, when 4, =0, the probabilities to the system exists in Bell states B; and

B, are equal. However, the maximum values of these states are only about 0.235 ebits.
Especially when g, 0, the probabilities to system exists in the Bell states B3 and B, are

different on the maximum position and have much larger value than when ¢, =0.
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Figure 2. Probabilities |bi|2 to the system exist in the Bell states with o, = 5x10° rad/s.
Solid line: a,=0. Dotted line: a, =5x 10* rad/s. Dashed-dotted line: a, =5x% 10° rad/s.

The time unitis 1/ y .

3. CONCLUSION

In this paper, we discussed the model of Kerr-like nonlinear coupler comprising
two nonlinear oscillators linearly coupled to each other. These two nonlinear oscillators
are coupled to external classical fields, which are modelled by chaotic processes.
Furthermore, we studied the dependence of maximally entangled states on noise parameter
and compared maximally entangled states when chaotic parameter is present and absent.
We found that in the presence of chaotic part, the location and the magnitude of the
maximum change, especially maximally entangled of Bell states B; and B, increase in
comparison to the case when chaotic component is absent. Consequently, the parameter 4,

related to the chaotic component is an important parameter that controls the maxima
entanglement of Bell states.
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TOM TAT
SU TAO RA TRANG THAI BAN ROI CUC PAI TRONG BO NOI PHI TUYEN
PUOC BOM BOI ANH SANG LASER BANG RONG

Trong bai bao ndy, mé hinh cdt trang thai quang hoc ciia buong cong hwong hai
mode dwgc phan tich. Bo néi phi tuyen kiéu Kerr véi hai mode dwoc kich thich boi
trieong co dién ngoai duwoc gid thzet tach thanh hai phan: két hop va nhiéu tring.
Chiing ta c6 thé thdy rang s tién trién lwong tir ciia cdc b néi khép kin trong
khong gian Hilbert hai qubit chi mo rong ra boi cac trang thai don photon va chdn
khong. Do do, cac b noi cé thé nghién cuu nhw hé hai qubit. Phan tich sw tién trién
theo thoi gian cua sy dan réi lwong tik chi ra rc%ng cdc trang thai dan réi cue dai cé
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thé dwoc tao ra va so sanh nhitng két qua nay véi nhitng két qua tim dwoc trong cdc
tai lieu truoc do.

Tir khéa: Bo nbi phi tuyén Kerr, Su dan rdi lugng tir, Cac trang thai Bell, Nhiéu tra'ing.
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