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still quantifies a 
process long assumed 
to be instantaneous.

The researchers 
chose neon because 
it is more complex 
than helium but 
simpler to model 
theoretically than 
the other noble 
gases, Yakovlev 
said. Neon also 
has a relatively 
high photoioniza-

tion cross-section, which improved the 
signal-to-noise ratio of the experiments.

The neon gas was bombarded by sub-
100-as pulses of extreme ultraviolet light 

on the Optics Express paper. Researchers at 
NIST custom-grew the InGaAs semicon-
ductor quantum dots for the laser. 

Think of the laser’s behavior as a series 
of 90-ps-long dips, with a 400-MHz 
repetition rate, against a continuous light 
field. The physical size of the laser cavity 
determines the repetition rate. The signal 
from the laser does not drop all the way 
to zero, but rather to a small fraction of 
its original intensity, Cundiff said.

The opposite of a pulsed-light laser 
is … a laser that gives off pulses of 

darkness against a background of near-
infrared light. A U.S. team has 
created a passively mode-locked 
quantum-dot diode laser (Opt. 
Express 18, 13385) that does 
exactly that.

The group stumbled on the 
dark-pulsing behavior, said OSA 
Fellow Steven T. Cundiff of JILA 
and the University of Colorado, 
both in Boulder, Colo., U.S.A. 
The researchers had been experiment-
ing with a quantum-dot gain medium, 
which they thought would be better at 
emitting ultrashort bright pulses than 
most other diode lasers.

Mingming Feng, then a graduate 
student at Colorado and now a postdoc-
toral fellow at the nearby U.S. National 
Institute of Standards and Technology 
(NIST), was the one who noticed the 
dark-pulse behavior. He is the lead author 

Physicists have known about 
the photoelectric effect for well 

over a century, but some of the 
details have remained shrouded 
in mystery. For instance, after an 
atom has absorbed a single photon, 
how long does it take for it to emit 
an electron? And does that tiny 
lag time depend on which orbital 
expels the electron?

Thanks to cutting-edge ultrafast 
lasers, an international research 
team has measured this tiny time 
period in neon atoms (Science 
328, 1658). Along with their colleagues, 
Martin Schultze and Vladislav Yakovlev 
at the Max Planck Institute for Quantum 
Optics in Garching, Germany, found 

that an electron leaves the 2p subshell 21 
± 5 attoseconds (as) later than an electron 
kicked out of the 2s level. That’s an aston-
ishingly small differential, but the work 

Pulsed Laser 
Emits Bursts  
of Darkness

Much theoretical work on dark pulses 
and dark solitons was done in the 1990s, 
according to Cundiff. However, the 
researchers don’t believe these pulses are 
true solitons, based on the data they 
have collected so far.

Next, the JILA/Colorado/NIST 
group plans to study quantum-dot lasers 
that use a different kind of saturable 
absorber to induce bistability.

— Patricia Daukantas

A Fleeting Look at the Details of Photoemission

Mingming Feng (left) of JILA and the University of Colo-
rado and Kevin L. Silverman of NIST worked on the dark-
pulse laser. (Inset) Colorized trace of pulses from the 
NIST/JILA “dark pulse” laser, indicating the light output 
nearly shuts down about every 2.5 ns. 

Photoemission of elec-
trons by an attosecond 
light pulse (blue beam) 

is time-resolved by 
controlling the electron 

motion with an ultrashort 
visible laser pulse (red 

beam). This attosecond 
streaking reveals that 
electrons from differ-

ent atomic orbitals are 
released with a delay 

comparable to the 
atomic unit of time.
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On a mountaintop in Hawaii, a 
modestly sized telescope with the 

world’s biggest digital camera has begun 
its key science mission: hunting for 
killer asteroids.

An international consortium of uni-
versities and observatories has put Pan-
STARRS 1 (or PS1) into full operation on 
the summit of Haleakala on the island 
of Maui. PS1 is a remotely controlled 
1.8-m-diameter telescope with wide-field 
optics and a specially designed camera 
for surveying the night sky.

A Gigapixel Camera  
Goes Asteroid-Hunting

Rob Ratkowski
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writer/editor of Optics & Photonics News.

at roughly 100 eV per pulse. The scien-
tists timed the photoemission through 
a process called attosecond streaking, 
in which a time-of-flight spectrometer 
tracked the photoelectrons ejected from 
the neon atoms.

By calculating quantum mechani-
cal models of electron trajectories, the 
researchers traced the 2p and 2s electron 
wave packets’ average positions and veloci-
ties back toward the neon ions of origin 
and found that they terminated at roughly 
0.3 Å, or the radius of the electron shell.

The experiment measured only the 
relative delay between the photoelectrons 
originating at the 2p and 2s levels, not 
the absolute length of time it took the 

The telescope is small 
by the standards of 
professional astronomy, 
but the digital camera’s 
imaging area is huge: 1.4 
billion pixels, or roughly 
140 times as big as the 
CCD chips in today’s 
point-and-shoot cameras. 
However, the focal plane 
isn’t a single CCD.

Instead, 600- by 600-pixel CCD 
cells are arranged into an 8 3 8 chip 

called an orthogonal trans-
fer array. The design offers 
several advantages: readout 
times for small individual 
cells are faster than for a 
single large CCD, and the 
individual detectors can be 
adjusted to avoid satura-
tion by bright stars that 
happen to fall in the field 
of view.

Most important, the 
orthogonal transfer array 

The PS1 observatory 
on Haleakala, Maui, 
just before sunrise.
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reduces the atmospheric blurring of 
images in much the same way as adap-
tive-optics systems that reside in the 
telescope hardware. During each camera 
exposure, the camera monitors the posi-
tions of several bright stars to detect any 
rapid fluctuations in the “seeing” due 
to atmospheric turbulence. Instead of 
moving one or more mirrors to compen-
sate for this blurring, the CCD array 
electronically shifts the image within 
the focal plane.

The combination telescope and 
camera can image a region of the sky 
about 40 times the area of the full moon. 
When searching for asteroids, PS1 uses 
30-s images, with 2 GB of data per image. 
That adds up to several terabytes of data 
per night; the data sets are transmit-
ted via optical fiber to the Maui High 
Performance Computing Center, where 
software routines compare images in 
search of fast-moving objects.

Although the hunt for potentially 
Earth-striking asteroids and meteoroids 
is the marquee project for Pan-STARRS, 
astronomers will realize other scientific 
benefits. These include mapping small 
objects at the fringe of the solar system 
and conducting a census of stars in the 
solar neighborhood. Ultimately, the Pan-
STARRS consortium intends to build 
a larger telescope with four PS1-type 
cameras, possibly on Mauna Kea, the 
famed astronomical mountaintop on the 
big island of Hawaii.

neon atom to absorb a photon and ion-
ize. And of course, one needs to rely on 
quantum mechanics to approximate 
the multi-electron dynamics inside the 
atom. Still, ultrashort-pulse experi-
ments could help test some of the 
approximations of atomic and sub-
atomic physics and reveal new avenues 
for research.

According to Yakovlev, this experi-
ment could not have been done five 
years ago. “The recent advances in 
attosecond technology have allowed us 
to make measurements with extremely 
good time resolution of just a few 
attoseconds, which was unmeasurable 
before,” he said.

Focal plane of the Pan-
STARRS gigapixel camera 
showing the 60 orthogonal 

transfer arrays.


