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is ~100 fs. To reach the nonlinear regime, 
the THz electric field must be sufficiently 
large, that is ~10 kV cm–1 in the work of 
Gaal et al. A mid-infrared pulse probes 
any coherent nonlinear polarization 
induced by accelerating the polarons with 
the THz field.

Such a nonlinear coherent response 
has now been observed1. Below a critical 
acceleration field, no response is detected. 
Indeed, in a weakly polar crystal such 
as GaAs it is difficult to measure the 
enhanced effective mass due to dressing 
by LO phonons. In response to the 
applied field, the charge carriers drift 
with scant evidence of their interaction 
with the surrounding lattice (see Fig. 
1b). However, above 10 kV cm–1, the 
situation is dramatically different (see Fig. 
1c). The polarons now acquire enough 
kinetic energy to emit — in a Cerenkov 
process — LO phonons due to the 
oscillatory motion of the electron within 
the polaron-confining potential1,6. Gaal 
and colleagues provide strong theoretical 
support for their interpretation that 
the relative motion of the electron 
within the polaron potential results in a 
periodic modulation of the mid-infrared 
transmission, which oscillates between 
absorption and stimulated emission. 
In short, the internal structure of the 
quasiparticle is ‘betrayed’ as the polarons 

dynamically undress, leaving a wake of 
LO phonons.

As the experiment is carried out 
at room temperature, it might seem 
surprising that such a low-energy 
coherent response is observed. This is 
because the response is measured on a 
timescale that is too short for dephasing 
due to thermally excited phonons to 
occur. Surprisingly, the nonlinear regime 
is reached at moderate fields, meaning 
that due consideration is required when 
interpreting the results of transport 
measurements in materials. The beauty of 
the technique presented by Gaal et al.1 is 
that detailed dynamic measurements of 
nonlinear transport are possible through 
gentle probing of the internal structure of 
the quasiparticles.

Gallium arsenide is in the weak-
coupling limit and it will be important 
to apply this technique to temperature-
dependent studies of polar and ionic 
materials that exhibit stronger electron–
phonon coupling. One could also envision 
this technique being applied to materials, 
such as the manganites, that are in the 
small-polaron limit where the discrete 
nature of the lattice cannot be ignored. 
It would be possible, for example, to 
compare the results of such measurements 
with fully quantum simulations using 
the so-called Holstein model, which 

can predict the dynamic response of 
polarons without a priori assumptions or 
approximations (such as the continuum 
assumption of the Fröhlich hamiltonian)7. 
Also, this technique should find 
applicability in the study of many other 
exotic quasiparticles such as excitons, spin 
polarons, or Cooper pairs. In fact, it has 
long been a goal of femtosecond optical 
spectroscopy to create pulses that perturb 
or undress a quasiparticle as opposed to 
annihilating all traces of its existence as 
often occurs with visible or near-infrared 
pulses. Thus, the results of Gaal et al. 
are an important step forward. And as 
several other groups are pursuing the 
generation of intense THz pulses8–10, we 
can anticipate many exciting results in the 
coming years.
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Stuck with the flow

a stream of water can be trapped in the 
wake of an obstacle.

The same mechanism, however, fails 
for particles that are more dense than 
the fluid. Such objects — aerosols, for 
instance — are pushed out of a vortex 
in the flow field, and off they go. But not 
necessarily, argue Vilela and Motter. They 

CHAOTIC DYNAMICS

show that in the presence of several 
vortices, aerosols can be pushed around 
from one vortex to another, forcing 
them into bounded stable orbits. In their 
simulations, Vilela and Motter see such 
behaviour for a wide range of scenarios 
and parameters. In the case pictured 
here, where four vortices (black dots) 
move with the flow, the attractors (red 
crosses) for aerosols describe closed 
orbits, enabling their trapping.

The potential impact of research 
into heavy particles in open flows is 
significant, according to the authors, 
reaching from the transport of 
pollutants and cloud droplets in the 
atmosphere to planet formation, for 
which there are theories predicting 
that long-lived vortices in a turbulent 
protoplanetary nebula can capture 
large amounts of solid particles and 
in such a way initiate the formation 
of planetesimals.

Andreas�Trabesinger

Particles transported in a low-density 
medium do not necessarily have to 
follow the flow. They may be trapped 
permanantly, even in open flows. 
Such is the conclusion drawn by 
Rafael Vilela and Adilson Motter from 
their theoretical study (Phys. Rev. Lett. 
in the press; arXiv:0706.1336, 2007).

When fluid particles are injected 
into an open domain, one would expect 
that, sooner or later, any individual 
particle is able to escape the flow. For 
the case of so-called open chaotic 
advection (where the open domain 
contains a saddle point around which 
the particles move chaotically) this 
intuition has been proved correct. 
However, the situation is different for 
‘bubbles’, that is, for finite-size objects 
that are less dense than the medium in 
which they are transported. They do not 
simply follow the local velocity of the 
flow, but can be drawn into vortices; for 
example, an empty tin can floating on 
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