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Abstract

In this paper I investigate the quantum noise reduction of a radiation field propagating,
in a nonlinear medium due to the temporal changes of the refractive index. It is found that the
squeezing properties of the radiation field varies in the prefocal and beyond focal region.
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Introduction

The generation of squeezed states of light (electromagnetic field )
propagating through a nonlinear kerr like medium has attracted considerable
attention in the past [1]. The propagation of optical radiation in certain types
of nonlinear medium induces intensity dependent refractive which leads to
effects such as self focussing,self defocusing,self modulation
etc. [2].However the influence of this intensity dependent refractive
index(self action of light) on the squeezing properties of the radiation field
has not been studied by these workers.The effects of self action depends on
higher terms in the expansion of the polarization amplitude PNL

with respect to the field amplitudes E.In scalar form:

Pj = P i
L + P i

N L =X
i2)E+ %(3)E2+ (1)

The corresponding expansion of the refractive index n is :

n = n0 + n2 I E | 2 + n4 | E | 4 + (2)

where no is determined by %(2), n2 by %(4) etc. A variety of physical
mechanism results in intensity dependent contributions to the refractive
[2].In this paper , I consider quantum reduction of an optical beam due to
temporal changes of the refractive index.Studies show that these
changes,henceforth termed self modulation occurs together with spatial self
focussing(ii2>0) and self defocusing(n2<0).

Theoretical Model

If the radiation field propagates through a nonlinear medium with
instantaneous nonlinearity, its phase inside the medium will be :

,z) = wot - k[n0 + n21(t)]z (3)

where I(t) is the time dependent intensity.

The time dependent frequency of the radiation field inside the crystal is:



co(t) = (j)(t) = co0 - k n 2 (4)

The hamiltonian for such a system is given by [3]

p2 + C02(t) q2] t>0 (5)

from which I obtain the Heisenberg equations of motion

q = p, p = -co2(t)q

which gives q(t) + C02(t) q(t) = 0 (6)

with qj(t) and q2(t) as two independent solutions of the linear differential
equation (6), I obtain the solutions as :

q(t) = A,(t) q(0) + A2(t) p(0)] (7)

where w is the Wronskian :

w(t) =

and

A,t) =

A3(t) =

qi(0

<5,«)

qi(t)

qi(t)

q,(t)

q'.(t)

q2(t)

q2(t)

q2(t)

id)

i(t)

(8)

A2(t) =

A4(t) =

qi(0) q2(0)

q'i(t) q2(0)

qi(0) q2(0)

qi(t) q2(t)

(9)



Now defining the hermitian quadrature operators as
a| = l/2(a + a+) , a2 = l/2(a - a+) and assuming that the field is initially in a
coherent state, we can then calculate the variances in the quadratures a.] and
a2.

Aa,2(t) = 1/4 | n+ + u..* | 2 and Aa2
2(t) = 1/4 | (i+ - \L | 2 (10)

where
u± = l/2w(0) {[A(t)A,(t) ± B(t)A2(t)]+i[C(t)A3(t) - D(t)A4(t)]} (11)

A(t) = ( w(t)/wo)
1/2 = B"'(t), and B(t) = (1/wo w(t))1/2 = D"'(t)

As to the variation of I(t) for a medium with n2>0 we consider only around
the focusing axis. We assume that as the laser beam self focuses after
entering the medium,the intensity increases linearly in the prefocal region
over a distance 'a ' remaining constant over the longitudinal dimension '2b'
of the focal spot and then as a result of partial trapping or nonlinear
diffraction, decreases slowly and exponentially to zero.Then at a fixed z,we
have:

I(t) = A[t-(tg-TrT2)] for tg-(Ti+T2)<t<tg-T2 (prefocal region)

= AT, for tg-T2<t<tg+T2 (focal region)

= AT, exp-(t-tg-T2)/t fort>tg+T2 (beyond focal region)

withA=16P/c'd2Ti , T,=a(v-c')/vc', T2=b(v-c')/vc'

where tg is the time when the focal spot appears at z, P is the input laser
power, d is the diameter of the focal spot,v is the velocity of the focal spot at
z.c' is the velocity of light in the prefocal region.! is the trapping
duration.Squeezing is then analyzed in the three regions namely
prefocal,focal and beyond focal region.As an example we consider the case
of C0o = 109 Hz laser propagating in a CS2 cell 22.5 cm long,with Ti= 3xl0"12

sec (a=.50cm),
T2=0.3xl0"12 sec(b=0.05cm), d= 5xlO'6 m, n2=10"u esu, and
T=3xl0"12sec [4].



Discussion of the results

1. Prefocal region: Fig. 1 shows the time evolution of variances in the two
quadratures.lt is observed that squeezing in the ai quadrature is opposite to
that in a2 quadrature. Fig 2. shows how the squeezing of the radiation field
versus time changes with the modulating parameter A,(=kn2zA). Increasing X
decreases co(t),consequently squeezing increases.X can be increased by
either decreasing T, (i.e intensity along the axis increases very
fast),increasing the nonlinear parameter n2 or by increasing the input
power.Decreasing X takes the radiation field towards a coherent state.

2. Focal region: At the focal spot, since the intensity does not change with
time ,no squeezing is observed and the radiation field remains in the
coherent state along the longitudinal dimension 2b of the focal spot.

3. Beyond the focal region
(a):(for the case of a trapped filament):Fig.3 shows the time evolution of
variances in the two quadratures for this region.It is found that the
squeezing in both the quadratures undergoes a phase change of n with
respect to the squeezing in the prefocal region(i.e squeezing in the two
quadratures is now interchanged).For the same parameters as in the prefocal
region,the squeezing is found to be enhanced but with a decrease in the
squeeze duration.lt is seen that the periodic variation in squeezing is
destroyed after some time.Increasing the modulating parameter
A,/(=kn2zATi/x)increases co(t) and consequently the squeezing increases but
with a corresponding decrease in the squeeze duration.Increase in X' is
brought about by either decreasing T' ( a smaller i' corresponds to trapping
of light over short distances) or by increasing n2 or P.Decreasing X' again
takes the radiation field towards a coherent state.

(b): (Untrapped case):To observe the effect of no trapping of light pulse on
squeezing the corresponding exponential decay in the beyond focal region is
replaced by A {TV (t-tg)-T2}. For this case the squeezing in the two
quadratures is shown in fig. 4. It is found that the periodic variation in
squeezing is maintained throughout time Since the intensity along the axis
drops very fast in this case,the squeezing is reduced with respect to the
trapped case but with a corresponding increase in the squeeze duration. The
effect of the modulating parameter is shown in fig.5.Increasing X increases
the maximum squeezing.



Conclusion

In summary I have studied the influence of intensity dependent refractive
index on the generation of squeezed states of light propagating through a
nonlinear medium.It was found that the squeezing properties of the radiation
field to be different in the prefocal and the beyond focal region.In particular,
in the prefocal region it was seen that ,the faster was the self focusing of the
laser the more enhanced was the squeezing.Squeezing in the beyond focal
region was found to depend also on whether the laser filament was trapped
or untrapped.A trapped filament showed enhanced squeezing rather than an
untrapped filament. Quantum noise reduction in the two quadrature
amplitudes in the beyond focal region showed a phase reversal of xc with
respect to the prefocal region.
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Fig.1 : Figure showing the variances in the two quadrature amplitudes in the prefocal region
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Fig.2: Effect of \ on the variance of the quadrature amplitude a, as a function of time in the prefocal region.
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Fig.3: Variances in the two quadrature amplitudes in the beyond focal region
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Fig.4: Figure showing the variances in the two quadrature amplitudes in the beyond focal region.
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Fig.5: Effect of A on the variance of the quadrature amplitude a as a function of time in the beyond focal region.

U


