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Irregular pulsations in many kinds of lasers have been 
shown to arise from deterministic nonlinear dynamics 

instead of from stochastic noise.1 Recently two special 
cases of chaotic pulsations have been found that differ 
from the classic routes to chaos of period doubling and 
quasi-periodicity.2 These are instead special classes of 
what has been called the intermittency route to chaos.2 

In one case, a laser that had been shown to have an 
intensity that behaved indistinguishably from the square 
of the x-variable in the Lorenz model 3 has now been 
shown to have its chaos related to a heteroclinic cycle4, 
that is, to transitions from one unstable fixed point to an
other.5 In four other experiments 4 , 6 - 8 lasers have been 
shown to have chaotic pulses that originate near a homo-
clinic orbit involving a single unstable fixed point that suc
cessively attracts and repels trajectories. Both of these can 
be viewed as an alternative common form of chaos. 5 , 9 

The Lorenz chaos appears in a model first popularized 
by E.N. Lorenz in 1963 as a model for convective instabil
ities in fluids and thereby as an aid to weather forecasting. 
The model system has three variables and a particular 
kind of symmetry such that inverting two of the variables 
leads to another solution. The classic Lorenz chaos in
volves alternate spiraling (of chaotically varying spiral 
lengths) about the two unstable fixed points and is closely 
related in parameter space to a heteroclinic cycle that con
nects the two unstable points. The fixed points are called 
saddle foci as trajectories are attracted along a one dimen
sional stable manifold and then are repelled in a spiral on 
the unstable two-dimensional manifold. Unfortunately, 
there is no real hydrodynamical system with time-depen
dent dynamics governed by these equations and the model 
has remained a subject of numerical and analytic study 
without application to experiments. 

The model for a single mode laser interacting with a 
homogeneously broadened two-level medium was demon
strated to be isomorphic to the Lorenz model by Haken in 
1975. 1 0 These features of the laser-Lorenz model have 
now been observed with the period doublings upon detun
ing and the spiralling chaos reported for an optically 
pumped far-infrared ammonia laser.3 However, the mea
sured variable was the laser intensity that corresponds to 
the square of one of the inversion symmetric variables, 

hence the heteroclinic nature of the Lorenz-like chaos 
could only by inferred. 

New heterodyne measurements4 reveal the behavior of 
the optical electric field and show that the electric field 
changes sign at the end of each spiral indicating that the 
inversion symmetry is present and that the attractors in
volve alternation between the neighborhoods of two un
stable fixed points. Other forms of pulsing that might have 
been classified on the basis of the intensity periodicities 
can now be more subtly analyzed for their symmetries as 
well. 

Lasers have thus become a rich testing ground for non
linear dynamics with the demonstration of experimental 
systems that behave in accord with simple dynamical 
models. An added advantage over fluid dynamical and 
chemical reaction systems usually studied is that the laser 
provide rapid analog solutions to the models as the puls
ing frequencies of the systems described above are in the 
30 kHz to 2 M H z range in contrast with millihertz. Fur
ther tests of low-dimensional chaotic nonlinear dynamics 
in laser systems can be expected. 
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R ecent advances in the generation of ultrashort laser 
pulses have made possible the investigation of chemi

cal dynamics on a subpicosecond time scale, revealing de
tails of the "transition states" region between reactants 
and products. For example, A . H . Zewail's group has re
ported subpicosecond laser-induced-fluorescence (LIF) 
studies of both directly dissociating1 and predissociating2 

systems. 
A recent focus of our group has been the development 

of a pump-probe apparatus capable of performing subpi
cosecond U V kinetic absorption spectroscopy experi
ments. 3 , 4 This apparatus has now been used to probe the 
formation of T1 atoms resulting from the subpicosecond 
U V (308, 248.5 nm) photolysis of T1Cl and T1I vapors.5 

We observe unusual line shapes lasting for a period of 
roughly one picosecond, from the moment the atomic 
transition first appears to the point at which the final, as
ymptotic line shape is attained. We explain these spectra in 
terms of a model based upon the transient behavior of the 
radiating polarization induced by the probe continuum 
pulse as it interacts with the population of two-level atoms 
resulting from the photolysis pulse. 

Figure 1(a) shows the appearance of time-resolved ab
sorption spectra recorded in the viciniity of the 377.6-nm 
T 1 7 S 1 / 2 6 P 1 / 2 resonance line, following the application of 
160-fsec, 308-nm pump pulses to T1I vapor. The absorbance 

was observed to be linear with pump intensity. It is 
seen that roughly one picosecond elapses from the mo
ment the atomic transition appears to the point at which 
no further changes in the appearance of the atomic reso
nance line occur. 

From previously reported time-of-flight data, one can 
deduce that the asymptotic line shape is reached before the 
T1-I separation has increased by 7.1Å. This represents only 
an upper limit, since acceleration effects have been neglect
ed. Note the existence of spectral regions of apparent neg
ative absorption in Fig. 1(a). For the 351.9-nm, 6 D 5 / 

2<-6P 3 / 2 line, recorded under the same circumstances, this 
transient feature of apparent gain was absent, but a tran-

(a) Time-resolved absorption spectra recorded in the vi
cinity of the 377.6 nm T1 7S1/2 6P1/2 resonance line, 
following the application of 160-fsec, 308-nm pump 
pulses to T1I vapor. The relative pump-probe separation 
is indicated on the right of (b). The horizontal dashed 
lines represent the absorption zero for each spectrum. 
(b) Calculated transient absorption spectra. 
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