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Femtosecond pulse delivery through single-mode optical
fiber with adaptive pulse shaping

Fiorenzo G. Omenetto’, Mark D. Moores3, Benjamin P. Luce2, David H. Reitze3 and Antoinette J. Taylor]
(I) Materials Science and Technology Division, MST-IO, MS K764,

(2) Theoretical Division, T-7,
Los Alamos, NM 87545

(3) Dep!. of Physics, University of Florida, Gainesville, Fla. 3261 I

Abstract: Adaptive control is used to defeat nonlinear effects that severely distort ultrafast pulses
during propagation through optical fibers.
02000 Optical Society of America
OCIS codes: (320.7100)Ultrafast optics, (060,7 140), (320.7140), Ultrafast processes in fibers, (320.5550) Pulses

Nonlinear effects present fundamental obstacles for the propagation of femtosecond pulses of detectable energy
in single-mode optical fibers, inducing severe distortion even after a very short propagation distance, These effects
are extremely hard to defeat or even predict. Adaptive pulse shaping can overcome these limitations by synthesizing
pulses that are self-correcting for higher order nonlinear effects when launched in the fiber.

In the experiment presented here, an initially unshaped pulse of power P=25 mW and ~204 fs is coupled into a
a 10 meter single-mode (Corning SMF-28) optical fiber segment. For the pulse and fiber parameters employed, the
dispersion length LD= wJI @2[is equal to 2 m, whereas the nonlinear length Lm=l/ (y PO)is -20 cm, where To and PO
are the initial puIsewidth and peak power, fiz is the group velocity dispersion parameter (in ps2/Km) and y is the
nonlinearity coefficient (nzo.)O/cA,ff).The ratio L~LN~=10 indicates that the pulse distortion is governed mostly by
nonlinear effects. The pulse resulting from the unshaped pulse propagation is temporally broadened to z = 352 fs and
has become distorted (fig. 1). Higher-order nonlinear effects come into play in this case, and are apparent both in
the asymmetric broadening of the pulse and in the structure present in the wings of the pulse.

1 .0

0,5

- 2

- 0

500 -1000 -500 0 500 1000 1500

tim e (fs)

Fig. 1 Profile of the output of an unshaped 204 fs pulse after propagation
through 10 meters of fiber. The phase function is also shown.

The recovered temporal phase function, obtained by deconvolution of a FROG trace (1-3), reveals the
presence of appreciable higher order (cubic, quartic) components. An adaptive control feedback loop (illustrated in
figure 2) that applies a phase-only modulation on the pulse to be launched in the fiber is then applied. Afler the loop
has converged, the output pulse resulting from the launch of the optimized shaped input pulse has a time duration of
213 fs. The comparison of the output resulting flom the unshaped and shaped pulse propagation on a logarithmic
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scale is illustrated in fig. 3. For the output pulse that results from the propagation of the unoptimized
structure of the pulse is substantial throughout its temporal profile.

to
FROG

input, the

Fig. 2 Schematic of the adaptive pulse shaper for ultrashort pulse propagation in fibers. Pulses at
L=l .55 ~m are sent to a pulse shaper implemented as a folded zero-dispersion stretcher with a
phase-only spatial light modulator (SLM) located in the Fourier plane, and then sent to a 10-meter
link of conventional single-mode optical fiber (Coming SMF-28). The output from the fiber is then
sent to a 0.5 mm thick BBO-ctystal that provides the SH control signal for the genetic aigorithm.

The optimized output pulse reveals, in contrast, no detectable wing structure over the same range, and a
pulse shape approaching that of the original unshaped input pulse, especially on the leading edge. The peak
intensity of the optimized output exceeds that of the unoptimized output pulse by a factor of two. By analyzing the
optimized shaped input pulse temporal phase function and comparing it to the unshaped pulse, the nature and
relative effect of the nonlinearities can be determined. Specifically, by fitting the recovered temporal phase
function, a strong compensation effect can be detected on the cubic and quartic phase terms, identifying these-.
nonlinearities as the dominant contributions to the distortion of the propagating pulse.
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Fisz. 3 Comparison of the initial unshaped pulse (dashed line), output from the unshaped pulse and
ou-qut from the optimally shaped pulse propagation plotted on a logarithmic scale to the extent of the
dynamic range of the measurement. The effect of optimization is remarkable, especially in the wings
of the pulse.



These results demonstrate the feasibility of fiber delivery of energetic ultrashort pulses defeating the nonlinear
propagation effects by appropriate preshaping of the input pulse through linear filtering combined with adaptive
control. These results are of fundamental importance in both the applied and basic realms where delivery of
energetic ultrashort pulses is needed and the successful application of this technique will impact many fields, such as
telecommunications, nonlinear imaging, optical coherence tomography or materials processing, to name a few .
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