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The Ti:sapphire laser is rapidly becoming the l ight source 
in al l ultrafast laboratories p rov id ing , reliably, 10-15 fsec 
pulses wi th 4-5 nJ energy at 80 M H z repetition rate.1 Mean
wh i le , a w ide range of non l inear ul trafast exper iments 
wou ld greatly benefit f rom a Ti:sapphire laser-based l ight 
source that generates more powerful pulses at variable rep
etition rates, without sacrificing the ultrashort pulse dura
tion or any other performance of a femtosecond Ti:sapphire 
laser. We have recently succeeded in bui ld ing such a laser 
by incorporating a cavity dumper at a stategic posit ion into 
the resonator of a self-modelocked Ti:sapphire laser.2 

The typical interferometric autocorrelation function of 
62 nJ dumped pulses, along wi th their spectrum, is shown 
in the figure. A fit assuming a sech 2 shape of intensity enve
lope yields a pulsewidth of less than 13 fsec. This means 
that the peak pulse power of nearly 5 M W is generated 
directly f rom the laser without any amplif ication! The 10-
fold increase in pulse energy, compared to cw femtosecond 
modelocked laser, w i l l lead to a 1,000-fold increase of a sig
nal in a third-order nonlinear process. The laser can be sta
bly modelocked at dumping repetition rates up to 4 M H z , 
although above 200 k H z the pulse energy becomes some
what lower. A t the expense of pulse duration, the laser can 
be even tuned in the range of 760-840 nm. 

The introduction of this 13 fsec, cavity-dumped Ti:sap
phire laser marks a new era i n nonl inear ultrafast spec
troscopy in the condensed phase, because a relatively cheap, 
but powerful femtosecond laser can be easily constructed. 

For instance, we have been successfully exploiting the cavi
ty -dumped Ti:sapphire laser to study ultrafast solute-sol
vent interaction i n a l iqu id phase by means of four-wave 
mix ing experiments. 3 No t surprisingly, an ordinary (non-
cavity-dumped) femtosecond Ti:sapphire oscillator cannot 
be used for these experiments because accumulation effects 
(like thermal gratings) severely distort the signal of interest. 
A combinat ion of performance parameters such as ultra
short pulse duration, high peak power, and high repetition 
rate, along wi th the excellent stability, permitted us recently 
to time-resolve the femtosecond photon echo signal f rom 
so lu t ion . 4 Th is denotes a b reak th rough i n pho ton echo 
research of opt ical dynamics in l iqu ids on a 10 fsec t ime 
scale. Knowledge of the echo's time profile as a function of 
probe pulse delay provides the necessary information to sep
arate the homogeneous and inhomogeneous contributions to 
an optical spectrum. It is interesting to note that the time res
olution in this experiment was just a few femtoseconds. 

Ano the r in t r igu ing app l ica t ion of a cav i t y -dumped 
Ti:sapphire laser lies in generating even shorter pulses. O n 
injection of the output of this laser into a fiber, an extremely 
broad white-l ight cont inuum extending from 500 to above 
1,000 n m is generated. Us ing a combination of two gratings 
and four pr isms, a part of the cont inuum has been com
pressed to a pulse less than 7.5 fsec.2 Further experiments 
attempting to shorten the whole spectrum to its bandwidth-
l imited value—about 4 fsec—are underway. 
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Interferometric autocorrelation of cavity-dumped pulses along with 
corresponding spectrum (inset). The dashed curves represent the calcu
lated envelope for interferometric fringes. 

Watch for the 
"Optics in '95" 

call for submissions 
in the May 1995 

issue of OPN. 

1 8 OPTICS & PHOTONICS N E W S / D E C E M B E R 1994 


