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Spacetime 
Cloak Could 
Hide Events 
from Observers

W hat if criminals could rob a 
bank—yet never show up on the 

bank’s security camera? Four scientists 
in Great Britain have devised a new 
method for cloaking events from out-
side observers.

Although the cloaking scheme devised 
at Imperial College London (J. Opt. 13, 
024003) is still theoretical, the scientists 
predict that the method could have useful 
applications in signal processing.

Unlike metamaterials, which work 
by bending light around the object to be 
hidden, the event cloak—or “spacetime 
cloak”—keeps light moving in straight 
lines. In essence, the cloak speeds up 
some of the illuminating light and slows 
down the rest, leaving a temporal gap 
where an event can take place without 
being detected.

Mathematically, out of the four space-
time coordinates of (x, y, z, t), a spatial 
invisibility cloak transforms the planar 
coordinates (x, y), whereas the event 
cloak transforms the coordinates (x, t).

As a practical matter, the Imperial 
College group predicted how a spacetime 
cloak could work in a nonlinear optical 
fi ber. Suppose a signal from a laser is 
traveling down the fi ber. A second laser 
sends off  a bright pulse down the fi ber, 
which increases the refractive index and 
slows some of the signal down, creat-
ing a gap between the faster and slower 
regions of the signal. Th at gap is the 
cloaked region. A second bright pulse, 
farther along the fi ber, slows down the 
speedy part of the signal until the gap is 
closed, leaving a distant observer with 
the impression that nothing happened to 
the original signal. Team member Paul 
Kinsler of Imperial College likened this 
process to a steady stream of cars on a 

Imperial College London 

Stimulated Raman Scattering Improves 
Video of Living Tissue

S till images work for some biomedi-
cal applications, but video provides 

scientists with real-time imaging of drug 
diff usion in tissues, among other uses. 
Researchers have now speeded the stimu-
lated Raman spectroscopy (SRS) imag-
ing process to make real-time imaging 
of surface tissue cells practical (Science 
330, 1368).

Th e technique could make optical 
biopsies and drug-diff usion studies 
possible without the use of fl uorescent 
labels, said Xie. Sunney Xie, professor 

road, with some cars speeding up just 
enough to let a pedestrian cross the road 
before the traffi  c evens out again.

In another potential signal-processing 
application, the researchers envisioned a 
primary computation channel that could 
be interrupted by the opening of a “tem-
poral window” to process an occasional 
high-priority signal without disturbing 
the ongoing work.

Worried about robbers foiling the 
security camera? Th e team’s plan for 
a proof-of-concept spacetime cloak 
involves a total of 9 km of optical fi ber 
and would hold the temporal window 
open for all of 5 ns—hardly enough 
time for completing a bank heist.

— Patricia Daukantas

of chemistry and chemical biology at 
Harvard University (U.S.A.).

SRS microscopy has gained much 
attention in the last few years. Xie’s 
group previously demonstrated the 
technique for still images in vivo (OPN, 
December 2009, p. 30). By cutting 
image-acquisition times from approxi-
mately 1 min. to as little as 37 ms, the 
team has now extended the technique to 
video-rate imaging.

Raman scattering microscopy uses 
two excitation laser beams focused on 

the sample of interest. Biological tissue 
scatters much of the light from the pump 
and Stokes beams, making the Raman 
signal weak and extending image-acqui-
sition times.

However, the team designed a way 
to capture the backscattered light more 
effi  ciently: Th ey put the photodetector 
in front of the lens that focuses the laser 
light onto the sample. Th e beam shines 
through a small aperture in the detector.

Xie said the SRS technique is an 
improvement over coherent anti-Stokes 
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Raman scattering (CARS) microscopy, 
which tends to introduce image artifacts 
that interfere with quantitative analysis.

SRS imaging could be used together 
with other techniques, such as mag-
netic resonance imaging (MRI), to 
determine the type of tumors and to 
probe their margins, Xie said. Although 

Video-rate imaging with 
SRS microscopy. A 
sebaceous gland encircles 
a hair in the epidermis of 
mouse skin. (Left) CH2-
image shows lipid-rich 
cells with subcellular reso-
lution. Nuclei appear as 
dark circles due to lack of 
lipids. (Center) CH3-image 
shows new protein-rich 
structures such as a hair in 
center. (Right) OH-image 
due to water shows inverse 
image contrast from seba-
ceous gland because lipid-
rich cells exclude water.

MRI can penetrate deeper into live tis-
sue, it cannot resolve individual cells the 
way SRS can.

The SRS process penetrates about 
115 µm into tissue, enabling the Har-
vard group to image the diffusion of a 
common solvent, dimethyl sulfoxide 
or DMSO, through mouse and human 
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skin cells. However, according to Xie, 
surgeons could use the process during 
surgery as an optical biopsy to help 
decide where to stop removing poten-
tially cancerous tissue. Xie now believes 
that the SRS technique will make 
CARS obsolete.

— Patricia Daukantas
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3-D Self-Assembling 
Point-Source Microlasers

Cut-away view of a microlaser droplet. The reddish center rep-
resents lasing dye molecules, while the radial yellowish helices 

represent cholesteric liquid crystal molecules. The concentric 
background represents the repeating variations in the index of 

refraction, which act as a Bragg grating, creating a spherical opti-
cal cavity. Although the image shows a 2-D disk, the actual droplet 

contains 3-D concentric shells of constant refractive index.

T iny spherical drops in liquid self-
organize into lasing cavities that 

demonstrate low threshold, emit in all 
directions, and can be designed with 
wavelengths from ultraviolet to infrared. 
These lasers are made of droplets of dye-
doped cholesteric liquid crystals (CLCs) 
suspended in a carrier fluid (Opt. Express 
18, 26995), and they are part of a long-
term project on soft-matter photonic 
devices carried out in Igor Musevic’s lab 
at the J. Stefan Institute and University 
of Ljubljana, Slovenia.

Matjaz Humar and Musevic demon-
strated that the CLCs in glycerol form 
into microdroplets (15-50 µm in diam-
eter) that lase when optically pumped. 
Within the droplets, the CLCs self-orga-
nize into concentric layers with periodic 
changes in the index of refraction—i.e., 
into concentric Bragg gratings that can 
act as an optical cavity. When opti-
cally pumped, the dye molecules in the 
droplet emit light, which the cavity 
reflects. At a low threshold, lasing occurs 
in all directions. The researchers found 
that the lasing wavelength depends on 
the pitch (the length of the helix) in 
the cholesteric material. “You can select 
the range of wavelengths you want,” 

computing, imaging, sensing or even 
standard illumination that doesn’t 
depend on coherence. The researchers 
suggest that the laser could be made 
more stable if it were coated with a pro-
tective shell, or if the liquid crystal were 
polymerized. It may also be possible to 
manipulate the core of the cavity or to 
couple arrays of the microlasers.

Future applications aside, these micro-
lasers are fascinating. Musevic says, “From 
my perspective as a physicist, these liquid 
microlasers are just beautiful objects built 
on very simple principles.”

—Yvonne Carts-Powell

Musevic explains, by 
choosing the material 
or mix of cholesteric 
liquid crystals. The 
lasers are also tempera-
ture tunable over tens 
of nanometers.

Low-threshold 
microlasers would be 
attractive light sources 
for investigating both 
the physics of lasing and 
as tiny coherent light 
sources for commer-
cial applications. The 
rotational symmetry offers the advantage 
of light confinement in all directions. 
Similar lasers have been made using 2-D 
structures, but the difficulty of making 
solid 3-D microcavities has thus far pre-
vented development of solid microsphere 
lasers. The liquid-crystal-in-fluid lasers, 
by contrast, are very simple to make. 
“Millions of microlasers can be formed 
simply by mixing a liquid crystal, a laser 
dye and a carrier fluid, thus providing 
microlasers for soft-matter photonic 
devices,” says Musevic.

Potential applications include holog-
raphy, telecommunications, optical 

Optical Lift Could Steer Solar Sails 
and Micromachines

Humans have known how to make 
nautical sails for millennia and 

aerodynamic wings for more than a cen-
tury. Four scientists have now demon-
strated that tiny objects can experience 
a type of “optical lift” from a uniform 
beam of light (Nature Photon. 5, 48).

According to OSA Fellow Gro-
ver Swartzlander Jr. of the Rochester 
Institute of Technology (Rochester, 
N.Y., U.S.A.), who led the study, 

micrometer-scale foils might use the 
optical-lift principle to steer solar sails 
in outer space. Engineers could also 
incorporate optical lift into the design 
of micro- and nano-machines.

The team first performed ray-tracing 
simulations of the effects of light beams 
hitting a semicircular glass rod at differ-
ent angles of attack. After discovering 
that stable attack angles could exist, they 
launched an experimental effort.

They fabricated tiny half-cylinders—
between 5 and 15 µm in size—from 
photoresist material and immersed them 
in a small pool of water in an optical-
tweezers type laboratory setup, but 
without the focusing microscope objec-
tive. When a 130-mW, 975-nm laser 
was switched on, the particles rotated to 
a “stable attack angle” and then started 
to move to one side, transverse to the 
direction of the beam. The effect did 

Andriy Nych
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freelance science writers who specialize in 
optics and photonics.

not occur with spherical microparticles 
under the same conditions.

Why did the researchers use semi-
cylinders instead of the more familiar 
airplane-wing shape? “Rods having a 
semicircular cross section are an approxi-
mation of a simple airfoil, and moreover, 
they are easy to fabricate,” Swartzlander 
said. “As with airplane wings, the opti-
mal shape may depend on the applica-
tion.” Optimization remains one of the 
next directions for the research.

The particles in the Rochester dem-
onstration experienced piconewton-scale 
forces, which Swartzlander compared 
to the force that bacteria use to propel 
themselves through water. That may 
sound tiny, but a carefully fabricated 
array of billions of well-optimized 
“lightfoils” could create several newtons 
of force, enough to steer a small payload 

Grover Swartzlander
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propelled by a light sail. The radiation 
pressure that makes such a sail move 
has been well known, but steering 

mechanisms are still at the experimen-
tal stage.

—Patricia Daukantas
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