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QWIL5  Fig. 3. Polarization ol reflection-SLL
beam vs. pump polarization for difterent incident
angles.

pulse energy is the highest. On the other
hand, when the pump polarization is verti-
cal, the SIT pulse energy is the lowest, For the
{ivst time, we have also measured the S
polarization vs. the pump polarization (Fig.
3). For an incident angle of 0 = ¢ 23° for the
pump beam, when its polarization angle is
avound 52° the SIT pelarization is vertical.
{lowever, when the pump polarization is
horizontal or vectical, the S11 polarization is
havizontal, On the other hand, {or 0 == 60°
the SH polarization is always more or less
horizontal (i.e. the polarization angle is
5%,

These structures have potential applica-
tions in difference-frequency generation and
optical parametric amplitication {or genevat-
ing and amplifying oid-IR beas (e 980
o b 155 pan = 2,66 e while amplilying
1.55 pm). Rellection-SHG may be eventually
developed to a technique for measuring indi-
ces of refraction above band-gaps. It can also
be used to probe layer thickness and clenent
concentration during the MBI growth of -
lilayers.
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Uncollapsed self-focusing of
femtosecond pulses in dielectric media
due to the saturation of nonlinear
tefractive index
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Single-filament propagation of scll-focused
femtosccond pulses in diclectric media has
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QWILL6  Tig. 1. Beam-diameter evolution in
sapphire. Lar high-power pulses propagating
longer thap 4 mny, the beam proliles becowne less
smooth, therefore beam diameler is less well-
defined (dashed parts).

been observed and applied o stable while-
light continuwm generation.! The observa-
tion is contradictory to ecarly computer
simulation, where beam collapse was pre-
dicted.? [n many recent numerical models,
cllects that could balance selt-{focusing, such
as non-paraxiality, multiphoton ionization,
group-velocily dispersion, ctc., have been
studied to show the possibility of uncol-
Lupsed self-focusing of temitosecond pulses.
Nevertheless, systematic measurements are
needed to construct a clear picture of the
propagation of femiosccond pulses under
extrenie self-focusing.

Lt this work we analyze the spatiotemporal
wavetorm cvolution of self-focused high-
power lemtosccond pulses with a theee-
dimensional phasc-retricval cross-correlalion
technique.® Figure [ shows the FWEHM beam
diameter evolution for 810-nm, 270-(s pulscs
propagating in sapphire due Lo sel-focusing,
Within the expetimental power range (2.3-4. 1
), the beams shrink to a diameler of 20-25
pn i 4-innm propagation, and no catastrophic
beam collapse was observed. Within the pa-
rameter space of our previous dye-laser experi-
mentst and these experiments, this uniform
self focused beam sive appears Lo be insensitive
to the initial beam size, power, and wave-
leagth.

Inscarch of the mechanisn that blocks ran-
away self-focusing, we studied the intensity
dependence of the refractive index with a
cross-polarization modulation experiment.
We measured the polarization rotation ofa test
beaminduced by a high-power pumyp beam all
the way to (he threshold of multi-filameat
propagation, Irom the polarizalion rotation
angle we deduce the change in refractive index
An. Figure 2 shows the induceed An as a fune-
ton of pump intensity. When the pumypr inten-
sity is below the point where white-light con-
tinuwm emerges, An is propoctional to the
pup intensity £: An = n,L The measueed i,
in Pig. 2i52.4 > 10 "“om®/W, close to the data
(2.5 % 10 ' con¥/W for sapphire) in Ref. 5.
When [is increased to 4 > 10" Wlan®, white-
light continuam starts to become detectable,
At the same time, An increases rapidly with
ntensily. Finally Ar satuvates to A, = 7 X
107,

‘The satueation of #, explains uncollapsed
self-focusing. Under the aberrationless ap-
proximation, we model the self-focused beamn
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QWIi6 UVig. 3. I'WIIM dimncters of the sell-
trapped beams calenlated by the graded-index
waveptide modet,

as a cylindrical waveguide with a parabolic
refractive-index profile:

a o wlrte)) < oa

nir) ", Po=owl (1
where i, 15 the linear vefractive index, i1, is the
refractive index at (the beam center, and o =
I Ongdn ) Vollowing the analysis in Ref. 6,
the minimuwm radius @ of this cylindrical
waveguide for the propagation of the funda-
menlal trausverse mode ts

2
(2)

| —
( kq \-’/”f ”«/‘) '
where &, is the wave number in free space. If
self-focusing shrinks the beam radius to a with
a1, salislying Ea. (2), the self-consistent condi

tion of the “waveguide™ is met, 'This criterion
has been used to caleulate the sive of a self-
induced optical fiber with a step refractive-
index profile in an idealized saturation me
divm,” We use this graded-index  self-
consistent waveguide maodel and the saturated
An in Tig. 2 1o caleulate the trapped beam
diameter as a function of power. As shown in
Fig. 3, the result is in good agreement with
cxperiments,

The beam «diameter evolution measare-
ment and the intensily-dependent refractive
index measurement above thus together point
out that i sapphire, single-filament beam
trapping is a result of 4, saturation.
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Raman gain saturation, pump depletion
and two-photon absorption in pTS

Steven R. Flom, J.R. Lindle, I']. Bartoli,
Mingguo Liw* George I Stegeman,* Opiical
Sciences Division, NRL, Washington, DC
20375, USA; B-mail: {lotn@nrl navy.mil

Single crystals of the polydiacetylene, poly-
[2,4-hexadiyne-1,6-cliol-bis(p-toluencsulfon-
ate)} (pTS) have been studied in the near reso-
nant regime by Llransient absorption
spectroscopy. Figure 1 shows Lhe changes ob-
scrved in the absorption spectra at short times
surrounding the arrival of the 726-nm laser
pulse. The experiment is performed by moni-
toring the transimission of a continuum probe
in the presence ofa ~1-ps high intensity punp
pulse. The prominent negative going peaks are
due to stimulated Raman scattering arising
from the carbon-carbon double and triple
bonds along the polymer backbone. The broad
induced absorption is the result of population
of an excited state produced through two-
photon cxcitation.

The pumyp intensity dependence of the first
Raman peak has been measured at zero time
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QWI17 Fig. 1. lransient absorption spectra
ol a 57-pau-thick single crystal of pT'S. The exci-
tation wavelength is 726 nm and the intensity is
5.5 GW/cm?

lnlx;u\xly((i\w«)llll)

QWIL7 Fig. 2. The squares are the abscrved
data points while the solid line is a fit to the data,

delay and is shown in Fig. 2, The solid line in
the figure is a result of fitting the data to a
mode] for Raman gain in a strong two-photon
absorbing medium, described below.

Simple modeling of the stimulated Raman
gain coefticient’ predicts that the small signal
gain should depend linearly on the pump in-
tensity. Clearly the data deviates from lincar
behavior for the measurement range. Success-
ful modeling of the observed gain saturation is
accomplished by taking into account pump
intensity attenuation duc to two-photon ab-
sorption. [nadditon, the two-photon induced
population absorbs light at the Stokes wave-
length. A value of 340 cm/GW, measured in-
dependently by both nonlinear transmission?
and z-scan® experiments, was used for the two-
photon absorption cocfficient. The full model
talkes into account the gaussian spatial and
temporal profiles of both the pump and the
probe and yields an intensity dependent gain
coefflicient of 600 c/GW in the presence of
two-photon absorption.

T'he system of equations used in the model
are:

dl 2

= -ql — .l

dz y
AN g

dr 2o

15

== glS —agS — oGNS
dz

where [ s the pump intensity, o is the lincar
absorption coclficient, «, is the two-photon
absorption cocfficient, § is the intensity of
the continuum probe at the Raman wave-
length, g is the Raman gain, ag and o are the
ground state linear absorption coefficient
and excited state absorption cross section at
the Raman wavelength. While these equa-
tions can be solved analytically if o is suffi-
ciently small, Fig. 1 shows that this is not the
casc. The fit in Tig. 2 is the result of numeri-
cal integration of the cquations using only ¢
as an adjustable paramcter. The obscrved
saturation in the data is largely attributable
to depletion of the pump through two-
photon absorption.

The data in Fig. T show that the maximum
of the Raman signal precedes that of the in-
duced absorption. Figure 3 shows the lime de-
pendence of the two spectral regions along
with a calculation based on the model de-
scribed above. Both the data and the model

’ =50 -2.5 an 2.5 5.0 7.5
Time(ps)
QWI17 Fig. 3. Time dependence of the in-
duced absorption (TA) and Raman signal.

show the delayed appearance of the induced
absorption. Lhe two-photon produced popu-
lation conlinues to grow after the maximum of
the pump laser pulse and decays with the char-
acteristic lifetimet of the lowest excited state of
p1S. The Raman pulse essentially follows the
time dependence of a cross correlation of the
pump and probe pulse though theve is subtle
evidence of pulse shaping duc to the excited
state population,

The stimulated gain cocfficient extracted
from the data excecds that of commonly used
gain media' by at least an order of magnitude.
Lven in the presence of significant pump
depletion through strong two-photon absorp-
tion and excited state absorption, raw gains of
almost an order of magnitude arc obscrved
(see Fig. 1). Taken together these data suggest
that this class of polymers may have promise
for Raman laser and differential amplification
applications, particulatly at longer wave-
lengths where the two-photon absorption co-
cficient is small.
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