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Canada accelerates heavier 
isotopes to higher energies
A Canadian accelerator’s newly gained supremacy in some regimes of
radioactive beams may last longer than expected because of setbacks to
the Rare Isotope Accelerator planned in the US.

The Isotope Separation and Accel-
eration (ISAC) facility at TRIUMF,
Canada’s national nuclear- and particle-
physics laboratory in Vancouver, began
flexing its new muscles in April after a
Can$48 million ($43 million) upgrade.
ISAC-II, as the new part of the facility is
known, revs radioactive isotopes to at
least 4.5 MeV per nucleon, a three-fold
increase; a further boost to 6.5 MeV per
nucleon is planned in the next few
years, and a move to heavier species
will start next year. ISAC-II will be used
for studies of nuclear structure, nuclear
reactions, and nuclear astrophysics.

The final energy per nucleon de-
pends on the mass-to-charge ratio, but
top speeds will reach 10% of the speed
of light. The key is that ISAC-II gets iso-
topes to energies above the Coulomb
barrier, says Robert Laxdal, an acceler-
ator physicist with ISAC-II. “It means
you have enough energy so that you
can penetrate into the nucleus of a tar-
get material—you can start fusing nu-
clei or breaking apart nuclei.” Adds
TRIUMF scientist Gordon Ball, “It al-
lows us to explore very much farther
away from the valley of stability to un-
derstand the properties of nuclei which
are very neutron rich or very proton
rich, and to see how the nuclear forces
change as you go away from stability.”

Massive upgrade
ISAC-II uses the original ISAC-I accel-
erator, which limits the mass-to-charge
ratio to between 3 and 30. But whereas
ions in ISAC-I have a single positive
charge, the full upgrade will have a
charge-state booster that strips off more
electrons. “The limitation still exists,
but we get around it by raising the
charge state,” says Laxdal. “Now we
can talk about a mass of, say, 150 [amu],
with a charge of at least +5. Before, we
could only do mass 30 and lower. Now
we can do any mass.”

Besides the charge-state booster, the
ISAC-II upgrade includes a supercon-
ducting linear accelerator and a 1000-
square-meter experimental hall. Super-
conducting acceleration cavities are
new for TRIUMF. “There is some inno-
vative design in the cavities,” says 
TRIUMF associate director Jean-Michel

Poutissou, “but we are not breaking en-
tirely new ground.”

Two new detectors together account
for about a quarter of the cost of the 
upgrade. TIGRESS (TRIUMF-ISAC
Gamma-Ray Escape Suppressed Spec-
trometer) will start taking data this
summer. It probes nuclear structure
and transition rates by measuring the
energies and intensities of emitted
gamma rays. EMMA (ElectroMagnetic
Mass Analyser), which was funded on
1 April, is a recoil mass spectrometer
that will sort nuclei by mass-to-charge
ratio to identify what reactions have
taken place. The detectors will be used
in both combined and independent
modes to study, among other things,
synthesis of heavy elements and nu-
clear shell structure as a function of the
ratio of neutrons to protons.

Even before ISAC-II was turned on,
beam time was scarce. A second beam-
line failed to get funding, so ISAC-II
shares the existing incident 100-
microamp proton beam with ISAC-I
and a target-development program.
“It’s a big fight amongst the three,” says

Poutissou. “Changing from one to the
next is complicated and can take up to
three weeks. Scheduling is a night-
mare.” TRIUMF continues to seek fund-
ing for a second beamline, he adds.

Also on the lab’s wish list are ac-
tinide targets. “Actinides would give
you access to much more exotic beams,”
says Poutissou. “It’s a big deal. There’s
a lot of pressure from users.” The hur-
dles, he adds, are safety and licensing
for handling uranium targets.

Window of opportunity
TRIUMF uses the isotope separation
on-line (ISOL) method to produce ra-
dioactive species. A beam of 500 MeV
protons is smashed into a thick target
(physical thickness times density up to
50 g/cm2) of, for example, tantalum, cre-
ating a cocktail of nearly at-rest iso-
topes. The desired species is picked out
and accelerated for use. In a competing
approach called fragmentation, a beam
of heavy ions passes through a thin tar-
get (around 5 g/cm2), resulting in a
spray of energetic isotopes. Fragmenta-
tion is better suited for studying short-

The superconducting linac at TRIUMF’s upgraded radioactive isotope accelerator
was successfully tested in April. The five cryomodules (large off-white blocks) house
20 RF cavities. The beamline to the experimental hall is visible in the distance. 
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lived isotopes, whereas ISOL provides
lower-emittance and lower-divergence
beams but only for isotope half-lives of
milliseconds or longer. Like TRIUMF,
CERN’s ISOLDE uses ISOL, while 
radioactive-beam facilities at Michigan
State University, the Heavy Ion Re-
search Center in Darmstadt, Germany,
and Japan’s RIKEN use fragmentation.

For now, ISAC-II “brings to the
table both high-power production and
really good post-[selection] accelera-
tion,” says Argonne National Labora-
tory’s Jerry Nolen, a member of the de-
sign team for the US’s proposed Rare
Isotope Accelerator. But, he adds, “the
intensity and variety of beams even at
ISAC-II is not enough to make many of
the neutron-rich rare isotopes that are
important for understanding things
like supernovae.” That, says Nolen,
will have to wait for RIA, which, if

built, would be outfitted for both ISOL
and fragmentation and would make
twice as many species of isotopes as
ISAC-II. Earlier this year, however, the
US Department of Energy formed a
committee to reevaluate the importance
of radioactive-beam science, and asked
scientists to come up with a cheaper,
scaled-down project—informally called
the “advanced exotic beam facility.” In its
original conception, the $1 billion RIA
“would have been a world-dominating
facility,” says Nolen. “We are still look-
ing for a major role, but in an area 
that complements what goes on 
elsewhere.”

“In some ways we are leading the
way [with ISAC-II],” says Ball. “We get
all those beams at a continuously vari-
able energy. There will be no one else in
our energy range for several years. This
is our window.” Toni Feder

First optical telescope dedicated
to SETI begins operation 

Almost 50 years ago, Philip Morri-
son and Giuseppe Cocconi famously
suggested that the most likely electro-
magnetic wavelength at which an ad-
vanced alien civilization would try to
signal its existence is the ubiquitous 
21-cm microwave emission line of neu-
tral atomic hydrogen. And until re-
cently, the search for extraterrestrial in-
telligence (SETI) has been conducted
almost exclusively by radio astron-
omers sifting through 21-cm radiation
from space in search of anything that
might be a message.

Half a century ago, the 21-cm line
was the only known interstellar micro-
wave emission line, and lasers had not
yet been developed. Since then, radio
astronomers have found many shorter-
wavelength microwave lines that
would serve better because they suffer
less interstellar dispersion. Further-
more, today’s laser technology makes it
possible for petawatt (1015 W) lasers to
emit highly collimated nanosecond op-
tical pulses that briefly outshine the Sun
by a factor of 10 000. Because no known
astrophysical source could put out 
a bright nanosecond optical pulse,
some SETI searchers have concluded
that looking for signals from technolog-
ically advanced aliens is more promis-
ing with optical telescopes than with
radio telescopes. 

The optical search for extraterres-
trial intelligence—called OSETI—now
has its first dedicated telescope. Com-
pleted in April and already in opera-
tion, the Planetary Society’s Optical

SETI Telescope at the Oak Ridge Ob-
servatory in Massachusetts is directed
by Harvard University physicist Paul
Horowitz. Its 1.8-m primary mirror is,
despite its modest size, the largest of
any US optical telescope east of the
Mississippi.

Horowitz and his OSETI collabora-
tors had been observing parasitically on
the observatory’s 1.5-m Wyeth Tele-
scope for six years. In that time they
searched some 5000 sunlike stars within
1000 light-years of Earth for bright

nanosecond pulses (see A. Howard et
al., Astrophys. J., 613, 1270, 2004). “With
the new instrument, we exceeded that
total in the first few hours,” says
Horowitz. That’s primarily because the
new telescope, optimized for OSETI,
has a much larger field of view, moni-
tored by an array of about a thousand
ultrahigh-speed photodetectors. The
group expects to cover the entire celes-
tial sphere (except for far southern
precincts inaccessible at the latitude of
Massachusetts) within a year or two.
The telescope monitors any one star for
about a minute as Earth’s rotation takes
it across the field of view. 

The project’s cost, less than $400 000,
was borne mostly by the Planetary
Society. “It’s so inexpensive,” says
Horowitz, “because all we need for
OSETI is an efficient photon bucket.”
The telescope’s two-arcminute angular
resolution is no better than that of the
human eye. But it suffices for the pur-
pose. And one is not looking for spec-
troscopic precision or for the kind of
phase-encoded messaging one seeks
with radio-telescope heterodyning. 

How could a petawatt laser call 
attention to itself over interstellar dis-
tances by outshining the Sun? Current
optical technology can collimate the
output of a petawatt laser at the top of
the atmosphere into a beam whose an-
gular spread Δθ is only 10–7 radians. All
of the pulse’s power is therefore con-
centrated on (Δθ)2/4π, or 1/1015, of the
celestial sphere. Distant observers who
happen to be within the spread of that
beam would see a nanosecond pulse

The new Optical SETI Telescope at the Oak Ridge Observatory in Massachusetts 
is the first optical telescope dedicated to the search for extraterrestrial intelligence.
Its 1.8-m primary mirror (seen face-on) directs light via a secondary mirror onto
the photodetector array next to Harvard graduate students Andrew Howard and
Curtis Mead.
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