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disturbances known as Alfvén waves; heating occurs when ions
entrained in the waves fall into resonance at their respective
cyclotron frequencies. Confirming or refuting the resonance
model will require a spacecraft to enter and explore the corona.
That’s the aim of two missions planned for the next decade:
NASA’s Solar Probe and ESA’s Solar Orbiter. (J.  C. Kasper, A.  J.
Lazarus, S. P. Gary, Phys. Rev. Lett. 101, 261103, 2008.)  —CD

Taming rogue waves to create switchable supercontinua.
Supercontinuum emission extends from the IR through the vis-
ible to the UV. As Robert Alfano and Stanley Shapiro discovered
40 years ago, one can generate supercontinuum pulses by
sending bright, narrowband pulses through an optical fiber or
other highly nonlinear material. Sometimes, depending on the
noise, the process of generating a supercontinuum pulse also
begets rare, intense pulses known as rogue waves. The artist’s
impression depicts the process. Ordinarily, rogue waves are spo-
radic and unpredictable, but if they could be produced to order,
researchers would have access to bright, amplified pulses of
supercontinuum light. UCLA’s Daniel Solli, Claus Ropers, and
Bahram Jalali have done just that, at least over a broad range in
the IR. Their technique relies on sending in a second seed pulse
right after the main pump pulse. The seed pulse is 10 000 times

weaker than the pump
pulse and, with a central
wavelength of 1630 nm,
redshifted from the pump
pulse by about 100 nm.
Adjusting the relative tim-
ing of the two pulses has a
dramatic effect. When timed
optimally, the two pulses
always generate a super-
continuum pulse of rogue-
sized magnitude. What’s
more, the supercontinuum
pulses are uniform in both
intensity and spectrum.
How does the technique
work? Supercontinua begin
from a nonlinear process
called modulation instabil -
ity, which produces lobes at
either side of the pump
pulse spectrum. In the pres-

ence of noise, the supercontinuum pulses can vary erratically
from pulse to pulse, occasionally yielding a rogue wave.
According to the UCLA team’s numerical analysis, seed pulses
tame the modulation instability and prompt the controllable
formation of rogue waves. Data switching and routing in opti-
cal networks are among the applications the UCLA team 
envisions. (D.  R. Solli, C. Ropers, B. Jalali, Phys. Rev. Lett. 101,
233902, 2008.)  —CD

Solid-state photon storage. Quantum communication net-
works and other quantum information processing will require
coherent and efficient transfer of information between light
and matter, and the realm of light–matter interfaces is an active
area of research. Much of the activity has focused on the map-
ping of quantum information onto atomic systems (see, for
instance, PHYSICS TODAY, March 2001, page 17). Nicolas Gisin and
colleagues at the University of Geneva in Switzerland have now
demonstrated the coherent storage and retrieval of information
using a solid-state system. The team’s quantum memory was an

ensemble of roughly 107 neodymium ions trapped in a crystal of
yttrium vanadium oxide (YVO4). In such an environment, the
resonant frequencies of the rare-earth atoms are inhomoge-
neously shifted, which broadens the absorption spectrum.
That’s normally undesirable, but the researchers turned it to
their advantage. By optically pumping some of the Nd atoms
out of the ground state, they sculpted the spectrum into a series
of regularly spaced absorption peaks—an “atomic frequency
comb.” An incident weak light pulse, with on the order of one
photon or less on average, will be uniformly absorbed by the
comb and generate a coherent superposition of collective opti-
cal excitations, each at a slightly different frequency. The super-
position will initially dephase but will get reestablished after a
time determined by the comb spacing; once rephased, the
atoms will collectively reemit a light pulse that conserves the
coherence and phase of the original pulse. Gisin and company
achieved storage times of up to a microsecond. Furthermore,
they showed that the ensemble can simultaneously store multi-
ple light fields, and they have proposed a means of on-demand
retrieval. With such capability, the authors view solid-state sys-
tems as a promising contender for quantum storage. (H.
de  Riedmatten et al., Nature 456, 773, 2008; M. Afzelius et al.,
http://arxiv.org/abs/0805.4164.) —RJF

Inexpensive 3D microfluidics. With their ability to manipulate
microliter to nanoliter volumes of liquids, microfluidic devices
have found increasing application in a variety of fields, from ink-
jet technology to proteomics and DNA analysis. Most current
microfluidic devices are made from glass or polymers, and
advances in design and fabrication have opened the realm of
three-dimensional, complex flow paths. George Whitesides and

colleagues at Harvard University have recently demonstrated 3D
devices made from stacked layers of ordinary paper and tape.
Thanks to paper’s wicking ability, the devices don’t require exter-
nal pumps to drive the liquids through. Indeed, the wicking
property of paper is routinely exploited in medical tests such as
those for blood glucose, pregnancy, and HIV. To define the
microfluidic pathways in the paper-based microfluidic device,
the team impregnated each paper layer with a common pho-
toresist, a hydrophobic polymer that could be patterned with UV
light. With their channels thus established, the layers of paper
were alternated with layers of double-sided tape; holes cut in the
tape connected channels in adjacent paper layers. The figure
illustrates the complex routing that can be achieved: Four differ-
ently colored liquids deposited on the top of a 5 cm × 5 cm, nine-
layer stack (left) are, within 5 minutes, wicked through horizon-
tally and vertically to the array of 1024 detection zones on the
bottom (right). With reagents or antibodies placed in detection
zones prior to assembly, such devices would provide highly par-
allel, independent assays. The Harvard team sees particular
potential for their paper-based devices in medical diagnostics in
developing countries. (A. W. Martinez, S. T. Phillips, G. M. White-
sides, Proc. Natl. Acad. Sci. USA 105, 19606, 2008.)  —RJF �
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