“But the quench-protection system
worked perfectly.” The problem, he ex-
plained, was not the quench itself but the
major electrical fault that instigated it

and caused the liquid-He rupture. And
that fault had to be investigated to make
sure it would not recur.

Bertram Schwarzschild

Europe sets priorities in
astroparticle physics

Increased funding and global cooperation are key to realizing a
wish list of astroparticle physics experiments unveiled this fall.

“If I was a young physicist today,
I'would be very excited. We are close to
a third revolution concerning our
knowledge about the universe.” So said
Nobel physicist Carlo Rubbia in Brus-
sels, Belgium, at the late September roll-
out of a road map for European as-
troparticle physics. Rubbia mentioned
Copernicus displacing Earth from the
center of the universe and Charles Dar-
win’s theories on evolution, and added,
“We will be focused on the fundamen-
tal question: What are we made of?
Ninety-five percent of matter and en-
ergy in the universe is largely unknown
to scientists. Astroparticle physics will
help in unveiling these secrets.”

The Astroparticle European Re-
search Area (ASPERA) road map was
made with the involvement of 19 fund-
ing agencies in 14 countries and sets the
strategy for the field over the next
decade. Crowning the list of priorities
are seven projects to study dark matter,
cosmic rays, neutrinos, and gravita-
tional waves. The time frames for the
projects are staggered to fit into a pro-
jected €1 billion ($1.4 billion) budget
and, in some cases, to wait for results
from current experiments before com-
mitting to the next step.

An independent astronomy road
map by Astronet—like ASPERA, a

coalition of European funding agen-
cies—is broader and gives high marks
to areas of overlap with ASPERA,
namely, the Cherenkov Telescope Array
(CTA) and KM3NeT, an underwater
neutrino telescope. A draft Astronet
road map was released in May, with the
final version due out this month (see
PHYsICs TODAY, April 2007, page 32).
“In many fields we are moving with
fantastic speed,” says ASPERA road-
map chair Christian Spiering of DESY,
the German Electron Synchrotron in
Hamburg. “I am optimistic that, assum-
ing the necessary funding, the next years
will really open something new. A dis-
covery on any of these fronts would
open an entirely new field of research.”

Astroparticle wish list

The CTA and KM3NeT are the most
advanced projects on the ASPERA
road map. With an estimated cost of
€150 million, the CTA will have facili-
ties in the northern and southern hemi-
spheres to study galactic and extra-
galactic gamma-ray sources. The
€150 million-250 million KM3NeT will
consist of thousands of detectors over at
least a cubic kilometer in the Mediter-
ranean Sea. It will watch for neutrinos
from such sources as active galactic
nuclei, supernovae, and gamma-ray

The Cherenkov Telescope Array, which will have outposts in the northern
and southern hemispheres, is one of the most advanced projects in Europe’s
road map for astroparticle physics. (Artist's conception courtesy of
ASPERA/Didier Rouable.)
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bursters. Construction on those projects
could begin in about four years.

For the CTA, says Spiering, “the
technology is watertight. It's a matter of
making it cheaper and making it
global —making it converge with the
[proposed] American project AGIS [Ad-
vanced Gamma-ray Imaging System].”
The CTA and KM3NeT are both on the
European Strategy Forum on Research
Infrastructures road map, which looks
across all science fields.

A third high-energy project en-
dorsed by the ASPERA road map is the
US-led cosmic-ray observatory Auger
North. The road map suggests that
Europe contribute about €45 million,
roughly half the project’s total cost.

A second wave of projects will come
from “a blooming of interesting and
competing technologies on neutrino
mass and dark matter,” says Stavros
Katsanevas, ASPERA coordinator and
a deputy director of IN2P3/CNRS,
France’s national institute for nuclear
and particle physics. Ton-scale detectors
in those areas will cost €50 million—
200 million, he adds. At present, notes
Spiering, “this is a divergent field, with
about 25 dark-matter experiments
worldwide. They are now on the level
of 10 kg; some are increasing to 100 kg.
To increase the sensitivity, you have to
increase the mass. We have to wait for
the experiments that are presently start-
ing before defining which method
works best. We will define in 2010 or so
which experiment should go first.”

A decision on the approach for a
megaton detector to search for proton
decay is expected in around four years.
Rounding out the seven top priorities is
an underground gravitational antenna.
That would cost €300 million—-500 mil-
lion, says Katsanevas, and construction
would start “only after [existing gravi-
tational wave observatories] have seen
a few sources—maybe in 2016 or 2017.”

The road map also recommends the
creation of a European astroparticle
physics theory center, possibly to be
hosted by CERN. “Astroparticle exper-
iments are widely spread all over the
globe, often in rather inhospitable lo-
cales,” says Oxford University theorist
Subir Sarkar, who served on the road-
map committee. Theorists generally
have interests broader than a given ex-
periment, he adds, and “it is essential
for us to interact face-to-face.”

Finally, the road map says that about
a quarter of Europe’s astroparticle
physics budget should go to existing
smaller national projects, such as Eu-
rope’s participation in the US-led Large
Synoptic Survey Telescope, the Gran
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Sasso National Laboratory in Italy, and
Virgo, a gravitational-wave observatory.

Spreading the cost

“If we sum the astroparticle parts of the
budgets” from all the relevant agencies,
says Katsanevas, “we get €700 million
over 10 years.” Projects on the ASPERA
road map come to around €1 billion.
“We showed this projection to the [fund-
ing] agencies, and we got a good recep-
tion. They looked with a good eye.”
“The other part in our strategy to
keep all the road-map projects alive is
by global coordination,” Katsanevas
says. Through the Organisation for Eco-
nomic Co-operation and Development,

he adds, “we want to start a global dis-
cussion on world collaboration.” The
OECD could take a census of existing
strategies in different geographical re-
gions and, says Katsanevas, “if we all
agree, and I think we will, we will move
to a concrete plan to collaborate.”
Dennis Kovar, the US Department of
Energy’s associate director of high-
energy physics, says, “The meeting [at
which the road map was unveiled] was
interesting because all of us see that the
next generation of tools will require a
lot of funding. You cannot duplicate ca-
pabilities. We need to regionally de-
velop programs that complement pro-
grams elsewhere.” Toni Feder

IAre organic LEDs ready for the

big screen?

This year the first commercial organic
LED TV hit the US market, some 20
years after the invention of a fluorescent
diode by Eastman Kodak Co’s Ching
Tang. Yet while the 3-mm-thin, 28-cm-
diagonal TV from Sony Corp ap-
proaches the OLED promise of low-
power, flexible products, other TV
manufacturers have been slow to fol-
low. Priced at $2500, Sony’s OLED TV —
which, unlike LCDs, requires no back-
light or filters — costs five to six times as
much as a similarly sized LCD TV.

Most commercial OLED displays
found in cell phones, other small con-
sumer products, and Sony’s new TV
are made by vacuum evaporation of
small organic molecules. That process,
however, is tricky to scale up. A com-
peting process uses more scalable ink-
jet printing to make polymer OLEDs,
but they lag behind the efficiencies of
small-molecule diodes. To get both ad-
vantages and compete with the cost of
LCDs and large-screen plasma TVs,
some OLED manufacturers are explor-
ing ways to make small molecules
printable.

The spin on efficiency

Commercialization of OLED displays
took off about 10 years ago after phos-
phorescent small-molecule OLEDs
were invented by Stephen Forrest, a
physicist now at the University of
Michigan, and Mark Thompson, a
chemist at the University of Southern
California. As with inorganic LEDs,
electrons and holes combine to form
excitons, which emit light when they
decay. For every four electron-hole
pairs, one singlet and three triplet spin-
state excitons are formed. In a fluores-
cent small-molecule system, the basis

of Tang’s 1987 diode, only singlets emit
light, which limits the quantum effi-
ciency to 25%. However, in the tech-
nique advanced by Forrest and Thomp-
son, triplets phosphoresce in addition
to singlets fluorescing, and that raises
the theoretical quantum efficiency
to 100%.

An alternative OLED device that
uses fluorescent polymers was in-
vented in 1989 in the lab of University
of Cambridge physicist Richard Friend.
Researchers associated with Friend and
Cambridge Display Technology Ltd,
the company he founded, dismiss the
claim that engineered polymer materi-
als are constrained by a 25% theoretical
ceiling. “We and others have done ex-
periments that suggest that the sin-
glet/triplet ratio is much higher in some
of our materials than it is for a small
molecule,” says CDT chief technology
officer Jeremy Burroughes. “There cer-
tainly is potential for driving the singlet
efficiency higher.” CDT’s new parent
company is now building a process-
development line to accelerate the mass
production of polymer OLED TVs.
“Polymer OLEDs will have advantages
in screen size and cost” over small-mol-
ecule OLED:s if they can overcome effi-
ciency, color-reproduction, and lifetime
issues, says Sony communications offi-
cer Masayo Endo.

Printed picture

Besides quantum efficiency, manufac-
turers of OLED products are most con-
cerned with the high cost of making
large displays. The vacuum thermal
evaporation process that patterns the
red, blue, and green pixels for small-
molecule OLEDs loses precision when
scaled up. For small panels, “You can

www.physicstoday.org



