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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.

N
IS

T/
Ja

m
es

 B
ur

ru
s

T. Naeser and C. Hackenberger, Attosecond Physics Lab (MPQ/LMU)

NIST




