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By all accounts, the modern era of
metamaterials research was launched
15 years ago, when Physical Review
 Letters published theoretical physicist
John Pendry’s landmark paper on neg-
ative refraction and physicist David
Smith and his colleagues proved the
concept experimentally. (See the article
by Pendry and Smith in PHYSICS TODAY,
June 2004, page 37.) Those events
kicked off the growing quest for arti -
ficial materials that could interact
strongly and unusually with electro-
magnetic waves—for example, a mate-
rial that could bend light in such a 
way that it renders itself and anything
behind it invisible. (See the article by
Martin Wegener and Stefan Linden in
PHYSICS TODAY, October 2010, page 32.) 

According to a 2014 report from mar-
ket research firm Lux Research, wide-
spread commercial implemen tation of
meta materials depends in part on the
development of cost-effective manufac-
turing methods. The report notes that
3D printing could become “the tool of
choice for most metamaterial manufac-
turing” as the technology continues to
improve in speed, resolution, materials
selection, and the ability to combine
multiple materials in a single object. 

Next month van Hecke is hosting a
conference on “4D” printing and meta-
materials at AMOLF. The fourth dimen-
sion is the programmed and sponta-
neous response to such external stimuli
as temperature and pH by a 3D-printed
multimaterial object. In 4D printing,
structure and chemical composition
both matter. Jermey N. A. Matthews

Spotting coincidences in astronomical
signals

Perhaps a dozen times a year, the
IceCube Neutrino Observatory at
the South Pole alerts NASA’s Swift

 Gamma-Ray Burst Mission to follow up
on neutrino detections. “That’s infre-
quent enough that a telescope like Swift,
whose time is valuable, is willing to slew
and take a look,” says Doug Cowen of
the Pennsylvania State University (PSU). 

But IceCube spots five or six neu -
trinos per hour, Cowen says, and useful
data may be lost in the winnowing
process. “We don’t want to overwhelm
[telescopes] with alerts,” he says, but re-
searchers don’t like to throw away data
either. That’s what led him and some
colleagues to create the Astrophysical
Multimessenger Observatory Network,
or AMON. 

With AMON, which is gearing up to
go live, participating observatories
send their data to a hub at PSU. There,
the data are queried in real time, and
when they collectively meet given crite-
ria, alerts are sent out to telescopes to
follow up with imaging. The process is
fully automated. Alerts go out within
five minutes of the initial detection,
says Gordana Tešić, a PSU postdoc who
joined the project in 2012, about a year
into its development, and has been key
in setting up its database and real-time
infrastructure.

The network lowers the threshold
for identifying useful data, says Cowen.
In the IceCube–Swift example, IceCube
sends alerts only when two neutrinos
are detected within 100 seconds and ®
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issues and events

� Points of View
Retired nuclear chemist 
Cheryl Rofer investigates 
why the US made the 
questionable choice 
45 years ago to pursue 
a single nuclear reactor 
technology to the near exclusion of others.

� Singularities
In an interview with PHYSICS TODAY’s Toni Feder, astronomer 
Laura Danly recounts how she recognized her true calling—
public  outreach—and went on to become the curator of the Griffith
 Observatory in Los Angeles.

� The Dayside
In his blog, PHYSICS TODAY’s online editor Charles Day writes 
about the real physics behind fake technobabble, the landscape
of physics publishing in 1920s Britain, and an exhibition of 
video installations.

� Down to Earth
To forecast and understand hurricanes and other powerful
weather phenomena, meteorologists run the same model
 repeatedly with slightly different initial conditions. Graduate
student Rosimar Rios-Berrios of the University at Albany 
describes and explains the technique.

www.physicstoday.org @physicstodayFacebook.com/PhysicsToday

Eight observatories have so far
signed on to AMON; they cover neutri-
nos, cosmic rays, and much of the high-
 energy electromagnetic spectrum. Sev-
eral others, including Advanced LIGO
(Laser Interferometer  Gravitational-
Wave Observatory; see the story on
page 20), are considering joining.
“Sometimes collaborations are worried

about losing control of their data,” says
Tešić. “But the MOU [memorandum of
understanding] says the data remain the
property of the original observatory.”

The AMON duplicate servers have
memory mirroring, are located in sepa-
rate buildings on the PSU campus, and
use different power sources. “The goal
is to have less than one hour of down
time per year,” Tešić says. 

The servers cost about $10 000 each,
and running AMON comes to less than
$100 000 a year. The bulk is covered by
NSF, with PSU pitching in. The partici-
pating experiments “all cost hundreds
of millions of dollars,” says Cowen.
“With this small investment, we will 
enhance the astrophysics that they
 produce.”

So far, IceCube is the only experiment
that sends its data to AMON in real time.
Tešić and another PSU postdoc, Azadeh
Keivani, have used those data, plus pub-
licly available archival data from Ice-
Cube and other observatories, to create
and test alert queries. “First light for
AMON is when we start getting data
from two or more experiments to-
gether,” says Cowen. That should be this
fall, from HAWC and possibly the Pierre
Auger Observatory in Argentina. “And
when we make a coincidence sighting,
that will be fantastic!” Toni Feder ■

within a certain angle. “If we have dou-
blets, the chance of background from 
atmospheric interactions is small,” he
says. But with AMON, a single neutrino
that is observed in coincidence with,
say, gamma rays from HAWC, the High-
 Altitude Water Cherenkov  Gamma-Ray
Observatory in Mexico (see PHYSICS
TODAY, May 2015, page 29), could indi-
cate a cosmic event that is worth follow-
ing up on. 

The main motivation of AMON is to
use data that individual experiments
cannot exploit. “That opens things up,”
says Cowen. “But it also means a lot of
noise. We beat down the noise by re-
quiring coincidence between two or
more experiments.”

“I am interested in primordial black
holes,” says Tešić. “If they explode, it
happens on a short time scale, and 
there are three types of messengers—
neutrinos, gamma rays, and cosmic
rays.” AMON could keep a look out for
all three coming from a defined direc-
tion and in a given time window. 

Additionally, AMON could aid in dis-
covering transient high- energy events.
By pooling data from different experi-
ments, explains Cowen, “the commu-
nity can jointly search a large fraction of
the sky, all the time.”

A collaboration that receives an 
alert from AMON is invested in the
process—its members helped set the
criteria—and has agreed to follow up,
unless, of course, it is in the middle of 
a high- priority observation. “When we
create alerts, we provide the best time,
best direction, and the false alarm
rate—the probability that a coincidence
is due to chance,” says Tešić.
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Gordana Tešić (left) and Azadeh Keivani, postdocs at the Pennsylvania State
 University and members of the IceCube collaboration, have done the  nitty- gritty in
developing the Astrophysical Multimessenger Observatory Network. 
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