quences of nuclear weapons in Decem-
ber 2014 (see PHYSICS TODAY, December
2014, page 27).

But other analysts said the NPT re-
mains crucial to nonproliferation and
arms reduction. Lewis Dunn, the US
representative to the 1985 NPT review
conference, said the 1970 treaty “re-
mains an irreplaceable framework for a
non-nuclear future.” The NPT “pre-
sents a legal, moral, and political obli-
gation on the nuclear weapons states to
disarm,” he said. “In today’s world, it
can’t be re-created because none of the
five [weapons states] would join any
such international framework.”

James Acton, codirector of the nu-
clear policy program at the Carnegie En-
dowment for International Peace, says
the NPT remains “pivotally” important
to inhibiting the spread of nuclear
weapons. “Our ability to safeguard

Neutrino detector

s a first stop in a journey from
Italy’s Gran Sasso National Labo-

ratory to Fermilab, the ICARUS
detector is at CERN for an upgrade.
Once it reaches its new home, the
760-ton detector will be used to
determine whether sterile neutri-
nos exist. The relocation will also
help strengthen the international
collaboration needed to realize
the US’s much larger neutrino am-
bition, a 40-kiloton detector in
South Dakota’s Sanford Under-
ground Research Facility.

The move dovetails with the
particle-physics strategies on both
sides of the Atlantic. In June 2014
CERN announced that, in focus-
ing on the Large Hadron Collider
and high-energy physics, it would
mothball its neutrino beams. And
in its most recent Particle Physics
Project Prioritization Panel exer-
cise, the US community put a
world-leading program in neutri-
nos as a top aim (see PHYSICS
TODAY, July 2014, page 18). At a
White House ceremony on 7 May,
Officials “from NoF and DOFE
signed an agreement with CERN
aligning their long-term particle-
physics strategies and paving the
way for closer collaborations.

Running from 2010 to 2014 at
Gran Sasso with a beam from
CERN, ICARUS demonstrated
that a liquid-argon time-projection

www.physicstoday.org

nuclear energy programs, to ensure
thev're not used for military purposes,
highly hinges on the NPT,” he says.

Acton downplays the review confer-
ence’s importance. Just as past review
sessions that went well did little to bol-
ster the NPT’s nonproliferation regime,
those meetings viewed as unsuccessful
didn’t damage it.

Far more important to the NPT’SV

future will be the outcome of the Iran
nuclear negotiations and preventing
the spread of uranium enrichment and
reprocessing technologies, Acton says.
As for the WMD-free zone, he says, “the
NPT was always a very crude instru-
ment for trying to make any progress
on that.”

The review conference was note-
worthy for new information on the US
nuclear arsenal; Kerry released new
numbers at the outset in a show of

chamber is an effective detector of neu-
trinos. Nobel laureate Carlo Rubbia,
who had the idea for ICARUS and led
the project, said in a 22 April statement

transparency. Included in his report
was the fact that as of 1 March, the num-
ber of deployed US warheads totaled
1597, just a few dozen short of the
1550 cap specified under the New
START agreement with Russia for 2018.
They are mounted on 785 interconti-
nental ballistic missiles and submarine-
launched ballistic missiles and are car-
ried aboard strategic bombers.

The total US stockpile of nuclear
weapons, including inactive ones, was
4717 as of September 2014, his report re-
vealed. That is an 85% reduction from
the Cold War peak, and the smallest
number since 1956. President Obama
has requested a 20% increase in the pace
of weapon dismantlement, according to
Kerry's report. (See the 12 May story in
the Politics and Policy department of
PHYSICS TODAY's online Daily Edition.)

David Kramer

moves from Italy to lllinois

that the method is expected to “become
the leading technology for large liquid-
argon detectors, with its ability to
record ionizing tracks with millimeter
precision.”
The ICARUS upgrade includes mod-
5 em electronics, more photomulti-
3 plier tubes, improved cryogenics,
and a veto system to reject cosmic
rays. So far, CERN and Italy’s Na-
tional Institute of Nuclear Physics
(INFN) are putting about €10 mil-
lion ($11 million) of hardware into
the upgrade, but the total tab
awaits the final design of the veto
system—needed because, unlike
at Gran Sasso, where about
1400 m of rock shielded the
detector, at Fermilab ICARUS
will sit just 10 m below ground.
The INFN has invested roughly
€40 million in ICARUS over its
lifetime, not including salaries.
The plan is to complete the up-
grade and ship ICARUS in early
2017, with data-taking to begin
in 2018.

Short-baseline trio

This month Fermilab begins exca-
vating the dugout that will house
ICARUS. Situated about 600 m
from the lab’s neutrino source,
the detector will be part of a trio

Workers check out ICARUS’s cryogenics. Down the center
of the 20-m-long detector is piping for the circulation and
purification of 760 tons of liquid argon. The electronics racks
along the sides contain nearly 53 000 readout channels.
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of short-baseline liquid-argon time-
projection experiments. The 170-ton
MicroBoone, located 470 m from the
source, will start later this year trying
to untangle anomalies of Fermilab’s
earlier MiniBoone experiment (see
PrYsIcs TODAY, October 2010, page 14).
The third, the Short-Baseline Near De-
tector (SBND), 110 m from the source,
keeps tabs on the neutrino output.
About $9 million for the ICARUS build-
ing was diverted from in-house liquid-
argon research.

The ICARUS detector will look for
sterile neutrinos, which are hard to
pin down because—if they exist—they
don’t interact with matter. Over the
past 15 years, says INEN vice president
Antomio Masiero; “various experiments
have had results that could not be ac-
counted for by the presence of only
three neutrino species. This is quite a
puzzling thing.”

Measurements of the neutrino flavor
distribution at the SBND will be used to
predict the beam makeup at ICARUS.
Either more electron neutrinos or fewer
muon neutrinos than expected would
point to new physics, says Peter Wilson,
coordinator of Fermilab’s short-baseline
neutrino program. “One would then
need to interpret the result to determine
if this is a sterile neutrino or some other
new physics.” The key is ICARUS's
large volume. Says Fermilab director
Nigel Lockyer, “It's supposed to be an
experiment to either find or rule out
sterile neutrinos at the 53-sigma level.
That's the gold standard now.”

The anticipated 40-kiloton detector,
previously known as the Long Baseline
Neutrino Experiment, was renamed the
Deep Underground Neutrino Experi-
ment (DUNE) earlier this year when in-
ternational partners joined. Located
some 1300 km from Fermilab’s neutrino
source, DUNE will be used to study
flavor oscillations. “It’s going to be 7 to
10 vears before science comes out of
DUNE,” says Wilson. “The short-
baseline experiments provide an oppor-
tunity for people to do science on
shorter time scales and to develop stu-
dents and junior scientists. ICARUS
and the other short-baseline experi-
ments will give input for understand-
ing observations at DUNE.”

Scientists from about 40 institutions
in the US and Europe are involved in
Fermilab’s short-baseline neutrino pro-
gram. Says Wilson, “Everyone who is
working on this is [also] aiming to do
physics with DUNE.” 50 far, the DUNE
collaboration involves about 750 scien-
tists from 145 institutions in 23 countries.

Toni Feder
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