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Abstract

An experimentally simple scheme is proposed for obtaining complementary
pairs of dark and bright puises of adjusiable widih and eomirast. The per-
formancs 15 based oo a centrol-pulse disturbed 1otal internal reflection of a
probe baam at a noalinear interface. The scheme seems attractive for geoer-
ating of ultrashor: darkbright pulses in a broad tange of wavelsnglhs

7. Introduction

In contrast to bright optical pulses, a dark pulse could be
characterized as a localized intensity-dip against an uniform
background. The dark,/bright optical solitons form two spe-
cific classes of pulses, for which the group-velocity disper-
sion (GVD) is balanced by the medivm nonlinearity [1, 2].
The geperation of ultrashort dark optical pulses, however,
seems more difficult compared o the generation of bright
pulses. It is shown that continuous sinuseidal intensily
modulation evolves inte a train of dark solitons for normal
GVD in the presence of a linear amplification [3]. Trains of
dark solitons could be obtained also by & nonlinear propa-
gation of visible pulses in optical fibers [4. 5] Specially
shaped, antisymmetric pualses, which clossly correspond 1o
the form of the fundamental dark soliton, are generated by
spatial filtering within a temporally nendispersive lens and
grating apparatus [6]. Recently, a scheme for a simultan

=us pulse-shaping and shorlening, as well as [or the pener-
'ljcm of special pulse forms was analyeed [7].

In this paper wec propese an cxperimentally simple
approach for generating complementary pairs of dark and
bright optical pulses. The schems proposed 15 based on &
controllable switching of reflectivity and transmissivity at 4
nonlinegar interface. The analyses are stimulated by the
numerical results of Andersen and Regan [B] and by the
experiment of Strabl and Golub [9],

2. Analysis of the interaction configuration

The nonlinear interface (NI) consists of a linear dielectric
material in contact with an intensity dependent nonlinear
material [9] and is illustrated in Fip. 1. Ler us assume, that
the lingar medium has a refractive index n,, whereas the
nonlinear medium has a low-intensity refractive index

FArfAn, <0 |Ar,| € ng). Two  beams/pulses are
involved in the scheme analyzed. The first beam called
“conttol” propagaies inside the nonlinear mediom parallzel
to the NI The second ong, called “probe™ is incident &l an
angle W less than the crtical angle for total mnternal reflec-
tion (TIR). “Probe™ means only that the behaviour of this
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wave will be analvzed in details. Generally, the nonlinear
medium refractive index n, could be written as

(1)

where 4 and E, are the electnc ficld amplitudes of the
control and probe beam/pulse. respectively, and ny * denotes
the respective nonlinear coefficient. The control beam,/pulse
self-action at ®v3 = 0 could disturb the TIR and, therefore,
the probe beam/pulse could be partally transmitted by the
M1, Once penetrated into the nonlinear layer, the probe
bearm/pulse could contribute (at nE = 0) to this change of
the NI-properties (see eq. 1) At nE = 0, however, the
penetrated wave would act as a limiter of the transmirted
intensity [10]. The proper balance between the medium
parameters and optical-wave intensities could lead 1o the
reflection of a dark opucal pulse with adjustable width and
contrast and to the transmission of a complementary bright
pulse, Let us concentrale our attention on the dark pulse
reflectad at the NI It is convenient o introduce an effective,
time-varving refractive index of the nonlinear medium

Ry = Mg+ An, = (1725 A +112mE | E, 5

Am o= Any + (L1205 AR, (2)

where the subscript “l" means effective low-intensity
refractive index with respect 1o the probe field. In order to
gchigve an 1solated dark optical pulse, the probe wave
should be treated as CW or quasi-CW (forming an infinite
backpround), whereas the control pulses should follow at a
relatively low repetition rate. 1n the above notations, follow-
ing the approach of Kaplan [ 11], the Snell’s formula for the
refractive angle yr, has the form

W+ s PE + AL+ R AR =0 (3)
The Fresnel's [ormuola for the amplitude reflectivity
ri|r = 1) was dertved in the [orm

Gyt + AAENHT + )+ AFHL + r)t = O i)
Im egs (3, 4) we used the notations

A= 2Am iy, (3a)
."';'fi?:' = 4nf E:!j'n._l, (5b)
whereas the relation between o, o, and r is described by

W, =Wl =il +rh (3c)
Introducing the notations

D = AR, (6a)
p= 8N (6b)
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Fig. 1. Nonlinear interface configuration and inlsracting waves.

the Snel’s [eg. (3)] and Fresnel's formula [eg. (4)] could be
written, respectively, in the form

{1+ W IH1 + D=y )} + P =0,
6r + 41 + ) + Kl + )" =10

We plot the amplitude reflectivity r and the normalized
refractive angle W vs. D in Figs 2 and 3, respectively. The
dashed lines resulted from eq. (7b) and cg. (Ta), respectively.
The solid lines indicate existence of TIR (r = 1; ¢, = () and
the switching from TIR to a partial transmission by the NL
In penerating Figs 2, 3, P =4 is assumed. [t can be scen,
that for a certzin values of D two values of v (v ¥, respec-
tivaly) are possible. According to the plane-wave theory [ 11]
a hysteresis and bistability should exist, The analysis based
on the Gaussian probe-beam approximation has shown,
that no hysteresis should be cxpected [12]. Nevertheless,
both  approximations yield nearly equal reflection-
transmission thresholds (see Fig. 7 i Ref [12]) Indlial
experiments have shown a fast (“transient”) hysteresis [12],
but after improving the experimental setup no hysteresis hus
been found [13]. Later numerical simulations have indi-
cated, that a remarkable improvement of the switching
quality is possible by saturation of the nonlinearity [14, 13].
It should be pointed out that the results from Ref [9-15]
refer to the case when one intense laser beam is incident on
the NI and reflection-to-transmission switching is caused by
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Fig. 2. Plot of the amplitude refiectivity r as & function of D The dashed
lisee ds & result of ey, (7Thi The sobd loees indicate the sxitence ol TIRr=1)
and the switching from TIR 1o a partial transmission [disturbed TIR).
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Fig. 3. Plot of the normalized refractive angle [y /) as a fuemction of L.
The notations are the same &5 in Fig. 2.

the penetrating evanescent field into the nonlinear layer.
Because of the presence of a control beam/pulse (more
imense than the prebe one), the configuration analyzed in
this work is more complicated. We will assume, that no
switchimg hysteresis axisis,

3. Resuls and discussion

These results are obtained in a plane-wave approximation.
Plane waves are unstzble in self-focusing nonlinear media.
The initiation of seli-focusing, however, could be suppressed
by an interferometric manipulation of the incident beams
[16, 17]. ln our opinion. a second way to overcome this
problem also do exist As shown in [10], the reflectivity of
the N1 does not depend strongly on the thickness of the
nonlinear laver. Therefors, this layer could and should be
thin enough 1o prevent probe-beam self~focusing inside,

the other hand, tke useful length of the NI in our conﬁ;i
ration is limited to the projection of the probe beam diam-
eter on the interface, ie o

Ly = 2y cot (i),

Therefore, reducing the probe beam radius wy, the control
beam self-focusing distance fi; [18] could appear to be
much longer than L., A4s a consegquence, the collapse of the
control beam should be prevented. oo,

The most important feature of the NI used in this analysis
is that a threshold value of the control-pulse intensity cxists
iic. & threshold valee of D) at which the NI becomes par-
tially transparent. At D= D4 .. (points b, ¢ on Fig. 2} a

switching from TIR tw partial transmission could be
expected [11] and
Djonn = —I(P2 + 12 P[00 2)

[P Pef2 + ok (8)

Under the assumption, that no hysteresis exists, the reverse
switching should take place at Dy, = Dypun- In the opposite
case, which is still an open question, the switching from a
partial rransmission to TIR should follow the doued line of
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Figs 2, 3 {Section ¢-a) and [11]
Dy, = —(F + 1) (9

Let us assume that the nonlingarity is instantaneous and the
contrel pulse s described by a form-factor

fir) = sech¥{t/ty), U=fin=< L

Under the above assumptions time could be rreated as a
parameter. The normalized dark pulse intensity will repro-
duce the intensity reflection coefficient R of the NL Intro-
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Fig. 3. Imensity reflectivity R of the nonlinear Loterface equal 1o the nor-
malized dark-pulse ioeesity es. tme for P =4 and Dy = —7. Curve

(=D = 43;{—D = 45 {3) - D = §4: [4)-D =~ T5.

Fhysica Scripta 53

ducing the notations

Dy = 2| Any | g ), (11a)
D, = 3|y ilng ). (11b)
where |A[*= 4,[*f(rl. one can separate the time-
dependent term in D, L.e.

D= -Dy+D,fi (12)
Obviously, the maximum value of D is D, = =Dy + D,.

In order to achieve a switching at the NI, it is necessary Lo
ensure two conditions, namely

D,.. > Dy - partial transmission in the peak of the
control pulse;

D, <D, - TIR in the leading and trailing wing.

IT a dark pulse in the reflected wave and a complementary
bright pulse in the refracted wave are desired, one should
choose D_, above D, .

The moedulation depth will depend on the reflection
F,,..). e on the parameter P [sce eq. (8)]. Fig. 4 plots the
dark pulses, obtainable in the reflected probe wave at P =4
and P =58 (the pulse of a higher contrast). Angle of inci-
dence w = 94" and An, = 0.1 are assumed in the rest of this
paper. It should be mentioned, that the values of P and D
could be varied independently by the control- and probe
intensities only. As scen, a higher value of P corresponds Lo
a higher contrast dark pulse. For a reference, the dashed
curve represents the control pulse form-factor f(7). The rela-
tively narrow dark pulse is a result of & high switching level,
chosen to be near the control pulse peak-intensity. The dark
pulse durations obtainable could net be less than the
medium response tme. If D, is increased with respect to
D,... [see cg. (8) and Figs 2, 3], the dark pulses tend to
broaden monotonically. This tendency is presented in Fig. 5
for P=4, D,= —7 and D ranging from 4.2 to 7.5. The
double dark-peaked structure of curve (4) on Fig. 5 1s a
result of the sign-change or the amplitude reflectivity r (see
Fig. 2) at large values of D, Of course this does not mean,
that the imtensity reflectivity changes its sign. This behav-
iour, in principle, indicates the possibility for obtaining pairs
of dark pulses. In our view, this possibility does not seem
1o be of practical interest because of the slow change rate
of r ve D dthe ssymprotical part of D in Fig. 2 at
limp. _ . [MD)] = =1

Semiconductor-doped glasses fabricated using the laser
gvaporation method seem to be well suited for application
in the analyzed scheme. It was shown, that CdTe-doped
glass exhibits a third-order nonlinearity x'*' as high as
4+ 1077 esu with a response time of units of picoseconds
[19]. For example. vsing a 10 ps control pulse. a control-to-
probe peak-intensity rano equal to 3, and n = 5 - 107 T gsu,
a control-pulse peak intensity of the order of 10%W /cm® is
required in order to achieve an induced switching at the NL

4, Conclusion

We proposed an experimentally simple scheme for obtaining
complementary pairs of rectangular dark and bright optical
pulses of adjustable contrast and width (shorter than those
of the control pulses) The performance is based on control-
pulge disturbed tetal internal reflection of the incident probe



beam at @ nonlinear interface. The switching speed and the
dark /bright-pulse fronts will be fundamentally limited by
the response time of the nonlinear medium if no switching
hysteresis exists. The latter one is still an open question
requiring detailed numerical and experimental analvses. At
a switching level near the peak of the control-pulse, the
bright-pulse transmitted is expected to be well localized in
space. Moreover, such a swiiching level will result in an
increased temporal shortening of the complementary bright
and dark pulses. The scheme proposed allows, in principle,
starting from ultrashort laser pulses at a certain wavelength,
pairs of bright and dark pulses of shorter width at different
wavelengths 1o be obtained. Ulrafast all-optical beam
deflection at a NI also seems feasible,
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