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In a recent paper (Nature Photon. 
4, 627), they describe focusing polar-
ized 800- and 400-nm light to create a 
plasma in nitrogen gas. � e THz waves 
speed up or slow down the velocities of 
electrons. � e scientists retrieved the 
THz wave information thus encoded on 
the UV fl uorescence from the plasma 
from distances up to 10 m. 

In practical terms, this method still 
requires the terahertz source and the 
plasma to be near the sample—say, 
within a meter. Longer distances become 
more challenging because attenuation in 
the atmosphere due to water absorption 

A method of detecting terahertz 
waves from 10 m away brings THz 

imaging closer to viability for security 
and environmental applications.

Terahertz sensing is promising 
because it can detect substances that 
current technologies, such as X-rays, 
cannot see. But for many potential 
applications—like detecting explosives—
users want to conduct the probe from a 
distance. Water vapor, however, strongly 
absorbs THz waves (wavelengths between 
infrared and microwave). 

A new scheme developed by research-
ers in Xi-Cheng Zhang’s group at Rens-
selaer Polytechnic Institute (U.S.A.) and 
Laval University (Canada) encodes the 
phase and amplitude information of the 
terahertz waves onto ultraviolet light 
that can be detected from a distance 
and from almost any angle.

The Germany-based team known for 
its research into ultrashort light-pulse 

generation has pushed the record for the 
shortest deep-ultraviolet pulses below 3 fs.

Researchers at the Laboratory for 
Attosecond Physics in Garching, Ger-
many, reported that they have generated 
pulses 2.8 fs long, measured at full width 
at half-maximum (Opt. Lett. 35, 2248). 
� e pulse wavelengths ranged from 230 
to 290 nm.

� e researchers created these pulses 
through direct frequency upconversion 
of short (less than 4 fs) pulses of 750-
nm laser light. � e near-infrared driver 
pulses passed through a neon-fi lled gas 
cell and emerged at the third harmonic 
of the fundamental frequency.

According to Eleftherios Gouliel-
makis of the Max Planck Institute for 
Quantum Optics, the experiment was 

Interrogating 
Terahertz 
with Light 

Deep-UV Laser Pulses Get Even Shorter

is exponential. � e UV fl uorescence, on 
the other hand, is visible in the light in 
the lab, says Zhang.

� e researchers would really like 
to be able to demonstrate a stand-off  
distance of 50 m. One method may 
depend on sound: � ey are developing 
a terahertz-enhanced acoustic sensor, 
which may allow them to hear acoustic 
changes in the plasma due to the THz 
waves. Zhang says, “THz waves could 
be coherently detected by ‘seeing’ the 
fl uorescence or ‘hearing’ the sound with 
the use of two-color laser beams.”

—Yvonne Carts-Powell
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Laboratory for Attosecond Physics (MPQ/LMU)

conducted in a vacuum to reduce disper-
sion, the bane of short-pulse applications. 
Yet the neon cell could have no windows, 
because any amount of glass would have 
elongated the pulses. So the team used a 

“quasi-static” cell, in which the laser light 
passed through small holes at each end 
and a continuous supply of additional 
neon maintained the gas pressure inside 
the cell. � e scientists then characterized 
the UV pulses via an autocorrelation 
scheme involving three-photon ioniza-
tion of krypton atoms.

In addition to spectroscopic applica-
tions, ultrashort UV pulses will be the 
key to future studies of the dynamics of 
electrons in atoms, molecules and even 
nanoparticles, Goulielmakis said.

Goulielmakis is the corresponding 
author on the Optics Letters paper. 
� e team includes scientists from the 
University of Technology, Munich; 
Ludwig Maximilian University of 
Munich; and King Saud University 
of Riyadh, Saudi Arabia.

—Patricia Daukantas

Left to right: Researchers Jingle Liu, 
X.-C. Zhang and Jianming Dai can 

recover terahertz wave information 
from a distance up to 10 m. 

Part of the experimental setup for 
the generation of 2.8-fs pulses in 

the deep ultraviolet.
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An optical amplifi er dramatically 
boosts the power of mid-infrared 

light in a compact package. Research-
ers at Columbia University and IBM’s 
� omas J. Watson Research Center 
built an optical parametric amplifi er 
(OPA) on a single silicon chip (Nature 
Photon. 4, 557). � is technology 
could increase the use of 2- to 3-µm 
wavelengths for biochemical sensing, 
medical diagnostics and imaging, and 
free-space optical communications. 
It may also, eventually, be useful for 
telecommunications.

William Green’s group at IBM dem-
onstrated the silicon nanophotonic OPA 
with broadband gain as high as 25.4 dB, 
using a 2.2-µm pump. � eir four-wave-
mixing approach can boost signals over 
wavelengths from 2.05 to 2.250 µm 
to as much as 400 times their original 
strength. � e gain is high enough to 
compensate all insertion losses, result-
ing in 13-dB net off -chip amplifi cation, 
using only a 4-mm silicon chip. 

IBM has been developing silicon 
photonics for on-chip optical intercon-
nects, a method of bypassing the bottle-
neck of using electricity to transport 
signals between microelectronic chips. 
� e silicon devices, made using estab-
lished wafer-scale fabrication processes, 

could enable other applications in the 
mid-IR that need compact broadband 
sources or amplifi ers.

� e researchers believe that they can 
engineer higher-order waveguide disper-
sion to allow mid-infrared-pumped 
silicon optical parametric oscillators 
(OPOs) and OPAs to work for telecom-
band optical signals. � e current on-chip 
amplifi ers do not work for these wave-
lengths (around 1.5 µm) due to para-
sitic two-photon absorption in silicon: 
Although silicon is transparent in the 
near-IR, at high intensities two photons 
work together to excite an electron into 
the conduction band, and these free car-
riers absorb light.

In the same issue of Nature Photonics, 
Sanja Zlatanovic and others at the Uni-
versity of California, San Diego, and the 
University of Central Florida reported 
another, lower-power OPO on a silicon 
chip, in the mid-IR (Nature Photon. 4, 
561). While the IBM researchers pumped 
their device with a Ti:sapphire laser, 
Zlatanovic’s group managed to generate 
light as long as 2.388 µm using compact 
light sources (a diode laser at 1.3 µm 
and a fi ber laser, followed by an erbium-
doped fi ber amplifi er, at 1.589 µm) 
developed for telecom applications.

—Yvonne Carts-Powell

Silicon On-Chip Ampli� er 
Boosts Mid-IR

Scanning electron 
microscope cross-
section of a 700 x 
425 nm silicon 
waveguide. The 
color map illustrates 
the Ey electric 
� eld component of 
the fundamental 
transverse-magnetic 
mode at 2.2 mm. 
Silicon dioxide and 
silicon oxynitride 
cladding layers 
sandwich the silicon 
waveguide core.

IBM Corp.
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Patricia Daukantas (pdauka@osa.org) is the 
senior writer/editor of Optics & Photonics News. 
Yvonne Carts-Powell (yvonne@nasw.org) is a 
freelance science writer who specializes in optics 
and photonics.

Triple-Slit 
Experiment 
Has Quantum 
Implications

R emember learning about interfer-
ence through the double-slit experi-

ment? A century after it was fi rst used to 
probe the duality of waves and particles, 
a modifi ed version of the experiment—
using three slits—has placed a limit 
on the accuracy of one of the laws of 
quantum mechanics.

Urbasi Sinha and colleagues at the 
Institute for Quantum Computing of 
the University of Waterloo (Ontario, 
Canada) tested the quantum interference 
from the slits to see whether it occurred 
due to pairs of paths, as predicted by an 
axiom known as Born’s rule, or whether 

� e researchers created three slits 
30 mm wide and 300 mm long, spaced 
100 mm apart, and capable of being 
masked in varying combinations. 
� rough a single-mode fi ber, the team 
sent light from a heralded single-photon 
source to the slits. (“Heralded” means 
that the photons from a 405-nm laser 
pass through a nonlinear crystal, and 
through parametric downconversion they 
become two red photons. A beam splitter 
sends one red photon to the slits and 
another goes directly to the detector.)

When one is trying to measure an 
expected null result, one won’t actually 
measure “zero,” but will measure some-
thing very small, Sinha said. Analyzing 
the systemic and random errors was a 
painstaking six-month-long task.

Since the double-slit experiment has 
been studied so thoroughly, why has no 
one added a third slit before? Perhaps 
someone did but never published their 
work. “Even if someone did multi-slit, 
they really didn’t report about it to the 
community,” Sinha said.

� e work has broader implications 
beyond taking an undergraduate experi-
ment to the next level. Physicists are still 
trying to unify the theories of quantum 
mechanics and general relativity, and if 
Born’s rule had needed tweaking, the 
modifi cation could have large repercus-
sions in studies of quantum gravity and 
quantum computing.

— Patricia Daukantas

From left: University of Waterloo 
researchers Raymond Lafl amme, 

Thomas Jennewein and Urbasi Sinha.

it produced higher-order interference 
that violated the axiom.

Born’s rule, named after the physi-
cist Max Born (1882-1970), predicts 
the probability of a certain outcome in 
quantum mechanics. Specifi cally, the 
team found that the probability of the 
higher-order interference was less than 
10–2 of the expected interference from 
pairs of paths (Science 329, 418).

University of Waterloo


