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We investigate the quantum fluctuation characteristic for time dependent regular loss modulated optical parametric

amplifier for below and above threshold regions. It is found that a high squeezing and entanglement can be achieved.
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1. Introduction

Up to now, the interest in continuous variable
(CV) entanglement is being excited by successful ex-
periments on quantum teleportation?! as well as
most applications in the field of quantum information.
Numerous theoretical and experimental researches
have been published.®=6 Up to now, bright light
beams with high CV entanglement, due to uncon-
trolled dissipation and de-coherence, cavity induced
feedback and phase diffusion, still difficult to achieve.
Most important is that we cannot expect to maintain
a high squeezing for a long time with constant pump.
This squeezing required necessary for these types of
applications still poses a challenge. Recently, a sys-
tematic perturbation theorem has been developed to
study the quantum property of the time-modulated
non-degenerate optical parametric amplifier (NOPA)
for below and above threshold regions.>=% In previ-
ous paper,[10=1%] we have solved the time-dependent
Fokker—Planck equation for degenerate optical para-
metric amplifier (DOPA), and a transient high squeez-
ing can be achieved. In this study, we show that
a transient high squeezing and entanglement can be

achieved by regular loss modulation.

2. The time-dependent
loss modulated NOPA

regular

The total Hamiltonian for NOPA is given by!*6:17]

H=Hy+V+W,
Hy = hwoagag + hwlaJ{al + MQQ;CLQ
+ ih(Ee*i‘*’Ltag — E*el¥rlay)
+ Y hwBl B,
§,i=1,2
V = 1> ki(Bjia] + Bjaal)
+ 1> k;(Blyay + Blyay),

h
W = %(25(1;@ — 2e*ajag). (1)

Applying the acousto—optic interactions in the de-
flection of optical beams,'8! the regular loss is intro-
duced by Bragg diffraction of a portion of the laser
intensity by a standing acoustic wave. The schematic
diagram of an optical parametric oscillator with the
regular loss acousto—optic element is shown in Fig. 1.
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Fig. 1. Sketch of regular loss modulated optical paramet-
ric oscillator.
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Due to the parametric interaction in the nonlin-
ear medium, these operators are coupled and obey the

following equations!!?!

d
% = —(1 4+ bsinfwr])ay + %aoa?
d
% = —(1 + bsinfwT])ay — %aocx;
dag (1 + bsin[wT])y,a
= — T r
dr Treo
€ X (2 2
+ —— —(a] — « ) 2
" 271( 1-e) 2

where time 7 = kt = 7;t, the switching function
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(1+bsin(wT)) describes the regular loss modulation. x
is the coupling constant, g, 1 are the damping rates,
and decay ratio 7, = 79/71, € is the amplitude of ex-
ternal coherent field. &/vy1 = p+/7-/2n, p is pump
parameter, and 7 = x2/2v170-

In the following, the quantum fluctuation charac-
ters are shown numerically in Figs. 2 and 3. We take
n=1/1000, v =05, b=1, w=m/4,70=9. pn=0.5
for below threshold (a), 4 = 1 for at threshold (b),
w = 2 for above threshold (c), p = 4 for far above
threshold (d).
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Fig. 2. Squeezing 4 ((Ay)?) versus interaction time 7. (a) p=0.5, (b) p=1, (c) p =2, (d) p = 4.
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Fig. 3. Minimum variance Vi as a function of time 7. (a) p =0.5, (b) p=1, (¢c) p =2, (d) p=4.

3. Squeezing character of the time dependent regular loss modulated

DOPA

Squeezing of time-dependent regular loss modulated DOPA can be given by[13—15]
1 ~ T
((Ayr)*) = 7 () = Ayai(r)), (3)
where .
~ - 1 1 a3 (n)k
Ay(r) = ai(r) (Am + 4) -3t 0‘1(27) / ay(t)de.

T—T0
The maximum value of v1(1 + b) is obtained when sin(w7) = 1, which corresponds to a low squeezing, and
meanwhile the minimum value of 71 (1 — b) is achieved if we choose sin(wr) = —1, which corresponds to a high
squeezing. From below threshold to above threshold, the highest squeezing approaches to the linear theory

1/(1+p).
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4. Entanglement character of the
time dependent regular loss
modulated NOPA

Entanglement of time dependent regular loss
modulated NOPA can be calculated!!”]

2 oy (X1Y)?
Vi=4°"X, = <X1> wE (4)
We investigate the effect of the pump g in the system.
It is found that the minimum variance V; decreases
with the increasing of the pump u, which approaches

to the linear theory 1/(1 + p).

5. Conclusions

In this study, we investigate quantum fluctuation
characteristics of time dependent regular loss modu-
lated NOPA for below and above threshold regions.
The squeezing and entanglement depend on switching
function (1 + bsinjwr]) and pump u. Both the max-
imum squeezing and entanglement can be described
approximately by the linear theory 1/(1 + p). Entan-
glement decreases linearly with the increasing of pump
. It provides a method to achieve a high squeezing

and entanglement.
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