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QFA5  Fig. 1. Space-time evolulion of a slow
Raman gap soliton,

QUA5  lPig. 2. Stationary Raman gap soliton,

We take into account self- and cross-phase
modulation, Raman gain, and pump deple-
tion. The equations are:
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I{ere x is the grating coupling constant, AR is
the detuning from the Bragg resonance, they's
arc nenlincar index coefficients, and the g’sare
Raman gain coefficients.

Pigure | shows the evolution of a slow Ra-
man gap soliton with a velocity only 196 the
speed of light in the unperturbed medium.

Stable, immobile Raman gap solitons have
also been found for certain paraimeter values. Fig,
2 shows such a stable, stationary gap solilon, For
this seliton the amplitudes of the forward and
backward components are equal. The lifetime of
this soliton is at least 20 nanoseconds, which is
forty times the duration of the pump pulse, The
steady state Raman gap soliton is accurately de-
scribed by aseche? profile.
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Co-linear anti-Stokes generation from a
cw Raman laser

J.K. Brasseur, P.A. Roos,™ L.S. Meng,* JLL.
Carlsten,® US Air 'orce Acadeny; E-mail:
Jary, Brasseir@@usafa.af.mil

Using the high optical power build-up withina
high finesse cavily (EIFC), two-photon nonlin-
car processes have recently been studied with
low power cw lasers. In particular, stimulated
Raman scattering has been used to construct
nor-resonant cw Raman lasers with high effi-
ciencies and pump threshokds on the order of
TmW". Although this study was limiled to
Stokes emission, parametric processes such as
coherent anti-Stokes scattering are also pos-
sible. [ the pulsed laser regime, anti-Stokes
commonly emits in ring patterns due to phase
matching vequirements. More recently, how-
ever, co-lincar emission of pulsed anti-Stokes
was observed insolid 1T, through self-induced
phase matching?. We report the observation of
co-lineat ew anti-Stokes emission from a cw
N YAG-pumped Raman laser in [, gas.

Anti-Stokes emission is a result of a para-
metric four-wave mixing process. The growth
of the resulting anti-Stokes Gicld can be shown
to depend on the pump and Stokes fields
present inside the HEC in the following man-
ner *
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where I is the anti-Stokes field exiting the
1HC and T, and I arc the field amplitudes for
the pump, and Stokes beans inside the HEC
respectively. The coupling of the pump and
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QPA6  Lig. 1. Lxperimental apparalus used fo

mceasure the anti-Stokes emission, The Nd:YAG
Liser frequency is controlled via an acousto-optic
maodulator {AOM) and an electro-optic modula-
tor (LOM), TIEC drifls are corrected using a piczo
electric anaducer separating the cavidy mirrors.
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QFA6  Big. 2. Anti-Slokes ontpul power as a

functior: of Slokes oulpul power on the Raman
line-centet.

Stokes ficlds including phase-matching is rep-
resented by R, Interferometric effects of the
cavity at the anti-Stokes [requency can be ac-
cotnted for by including the tollowing cavity
factor:
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where I = 4R, /(1 — R, andd = well(A
++ ). ¢ corresponds to Lhe relative frequency
difference between the Raman line-center and
the anti-Stokes cavity resonance and A is the
tuning of the pump frequency from the Raman
line-center.

Tigure 1 shows the experimental apparatus.
The cw Raman laser is optically pumped by a
frequency-doubled Nd:YAG laser with single
mode operation at 332nm and up to 200 mW
of optical power. The beam is sent through a
resonant phase modulator to place sidebands
on the carrier frequency, which are used for
phase/frequency locking of the [HHC and the
pump laser. A prism spatially separates the
pump (532 nmm), Stokes (683 nm) and anti-
Stokes (436 nm) beams at the exit of the cavily
for detection purposcs.

Figure 2 shows the output power of the
anti-Stokes emission as a (unction output
Stokes power on the Raman line-center.
Growth of the anti-Stokes power is lincar with
respect to that of the Stokes, as predicted by
lign. 1. The measured ratio of the Stokes to
anti-Stokes optical power is 26.3 ppm. The
anti-Stokes ewission is observed o be col-
linear to the pump and Stokes beams with a
Caussian spalial profile.
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QFAG  Fig.3,  Anti-Slokes emission as a func-
tion of detuning from the Raman line-center, Tle
solid (dashed) line shows the predictions with
{without} Hgu. 2 included.

Ligure 3 shows the anti-Stokes emission asa
funclion of detuning from the Raman reso-
nance line-center for a constant pump power
ol 3.2 mW (4 X threshold for detuning = 0.
The data is in good agreement with (the theo-
retical predictions of lign. | when (he inter-
ferometric effects of lign, 2 ave included (solid
line). Nofe that the anti-Stoles emission can
actually increase with detuning from the Ra-
man resonance sinee this also raises the laser
threshold, thereby allowing more pump to
conlribute to the fotr-wave process. We have
therefore introduced a theory that accurately
describes (he behavior of coherent anti-Stokes
emission from a cw Raman fascer.
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Direct ohservation of the ultratast
electron transfer process in a
polymer/fullerene blend
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Photoinduced clectron transfer in orgunic
molecules is an extensively investigated topic
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QEBL Fig. k. (a) Dilferential transmission
dynamics for pure MDMO-PPVY {solid line) and
PVIC, , (dashed Tine) al the probe wavelength of
580 no; () Fourier ransforin ol ascillatory con-
ponent of the MDMO-PPV signal.

both because of fundamental interest in the
photophysics and for applications to artificial
photosynthesis. Highly cflicient ultvatast elec

trou transter [rom photoexcited conjugated
polymers to Cy,y has been reported,! the back
transfer is heavily hindered, thus providing an
intrinsic stabilization mechanisnt of the pho-
togencruled charges. Although an upper limil
for the forward electron transier time of 1 ps
has heen reported,? its detailed time resolution
is stitl missing and is highly needed to shed
light on the photophysics of the charge transfer
mechanism.

In this work we perform uliralast experi-
ments on conjugated polymer/C,, blends willy
sub-10-fs lime resolution. We are able to time
iesolye for the fiest tme the charge transter
process, oblaining a forward dectron transfer
time constant 7+ 45 [s.

The excilution source is a visible optical
parametric amplifio! providing ultrabroad-
band pulses with sub-10-{s duration and spec-
trum extending [rom 520 to 720 om. Pamp-
probe measurements are performed in a
noncollinear configuration and single probe
wavclengths are selected using interference fil-
lers after the sample. We excite thin [ilms of
poly  {2-methoxy,  5-(37,7"-dimethyl-
oclyloxy) |-p-phenylene vinylene (MDMO-
LYY blended with Cop, with a [ ratio in
molecular congentration; at these high Cg,
congentrations dilfusion daesn’t intluence the
dynamics and we measure the intvinsic charge
transfer process. We also study, for compari-
son, pure {ilms of MDMO-PPY.

14g. 1(a) shows as solid line the differential
transmission (A1) signal for pure MDMO-
PRV at the probe wavelenglly of 380 wm, "The
feaiures al negative and near-zero defays al this
and other wavelengths are due to coherent ar-
tifacts. ‘The Al signal has positive sign and,
because of negligible ground state absorption
at this wavelength, is assigned to stimulated

L

540

AN

620 nm

T00 nm

L I o IR
-106 0 108 200 300 400 500
Time Delay (I4)

QFBI FVig. 2. Dilferential transmission dy-
nanics for pure MDMO-PPV (solid fine) and
PPV-C,, (dashed line) at different probe wave-
lenglhs,

cmission (rom the excited state, 'The strong
oscillations saperimposed ou the signal are
due o (he motion of the vibrational wave-
pucket Juunched by (he pump pulse on the
excited state potential encrgy suetace and thus
probe the vibrational modes coupled Lo the
excited stale. A Fourier transform of the oscil-
Latory component of the signal is shown in Fig,
1(h). By adding €, to the polymer malyix, the
signat changes dramatically (dashed {ine in Yig.
1(a)). The initially positive A'l' changes rapidly
sign, indicating, the quick formation of a new
photoinduced absorption (PA), wiich re-
mains then stalionary on the limescale of the
experiment. Based on cw PA measurements,
this new absorption is assigned to the MDMO-
PPV charged state (polaren) and thus provides
a direct signativee for the charge transfer pro-
cess, By an exponential filling of the PA rise-
time, a thme constant for the clectron transfer
process of =43 fs 15 caleulated, Similar results
are obtained at other probe wavelengths, as
shown in Fig. 2.

lixciled state vibrational coherence is ol
manained in the ch;u‘gc transler process, thus
indicating evolution of the systemn on an an-
harmonic charge transier polentiaf energy sur-
face, formed immediately after photoexcita-
tion Such a fast charge transfer can only be
explained by a steong (AL - hf7 - 90 meV)
exchange integral of the excited state orbitals
ol denor and acceptor molecules and requires
detailed theorclicabanalysis to clarily its phogsi-
cal mechanisi,
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