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The development and use of special-
ized techniques could be vulnerable.
Says Pappas: “If you have a limited num-
ber of beamlines, you can’t sustain things
like diffraction with a polarized neutron
beam or high resolution inelastic spec-
troscopy. If the availability shrinks, the
knowledge may disappear.” 

Compact challenges
With the writing on the wall for research
reactors, many in the  neutron- scattering
community are pinning their  longer-
term hopes on the compact  accelerator-
 driven neutron source (CANS) approach.
 Accelerator- based spallation sources re-
quire protons with energies approaching
1 GeV, which produce copious neutrons
in a cascade of collisions in the nuclei of
a  heavy- metal target. The resulting neu-
trons are slowed down in moderators to
below eV energies. With CANS, the idea
is to start off with  lower- energy particles,
in the MeV range: using protons or
deuterons on light- metal targets or using
electrons on heavier nuclei. Neutrons are
liberated through various processes with
far lower efficiency than via spallation
but also with less residual radioactivity. 

The lower energies require less
shielding and, since parts can be closer
together without incurring heat and ra-
diation damage, allow for a more com-
pact facility. They also mean lower total
neutron fluxes. Still, says Brückel, “we
are confident that compact accelerators
can achieve flux at the instrument com-
parable to existing sources like ISIS or
 medium-flux reactors. We are aiming to
outperform the Berlin reactor by a large

margin, especially for small samples.”
That will mean upping the flux by sev-
eral orders of magnitude above existing
CANS facilities, such as the Low Energy
Neutron Source at Indiana University 
in Bloomington or the CANS network in
Japan that is used mainly in training,
 development, and industry. Teams at
Saclay and Jülich and at other labs
around Europe are working on CANS
designs; they hope to have prototypes
ready in the next five or so years and
working  facilities by 2030.

Two main technical challenges need
to be overcome for CANS to effectively
replace today’s  medium-flux reactors 
as neutron sources, says Brückel. One is
to increase the incident particle flux on
the target without melting it, so that the
 resulting neutron flux gets a correspond -
ing boost. The second is to make small
moderators that not only slow the neu-
trons but also direct them to the experi-
mental site. Typically, neutrons fly out in
all directions; guiding them would pre-
vent loss and increase the usable flux.
Every piece gives a small gain factor,
says Brückel. “But multiply them and
you get a good gain factor.”

The beefed-up CANS concept is gain-
ing traction, but is yet to be proved. Al-
though it’s too early to make credible cost
estimates, it’s clear that they shouldn’t
 exceed about €300 million—below the
ballpark cost of a synchrotron light
source, which most countries have.
Brückel also hopes to develop a less-
 powerful, mini CANS for around €10 mil-
lion, which universities could afford. 

Toni Feder

N
o improvements have been made in
the past two years to on-site physical
protections, insider threat preven-

tion, security during transport, control
and accounting practices, and incident
response measures assessed by the Nu-
clear Threat Initiative (NTI). The non-
profit organization released its third

 biennial report card in January in ad-
vance of the fourth—and likely last—
Nuclear Security Summit to be convened
in Washington, DC, later this month.

The NTI ranks the 24 nations possess-
ing at least 1 kg of  weapons- usable
 nuclear material by how well they se-
cure it. For the third time, Australia, a
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Since 2014 just one nation has rid itself of all  weapons-
 usable materials. 

“The new Evactron

unit is working.

Hit me with your best

shot.”

—Bryan Tracy



non- nuclear- weapons state, took first
place. Among the five declared nuclear
weapons states, France came in 8th
place; the US, 10th; the UK, 12th; Russia,
18th; and China, 19th. Among the unde-
clared nuclear weapons states, Israel was
rated 20th, followed by India and Paki -
stan. North Korea was last.

Some 59 security improvements were
made in all 35 categories assessed by the
NTI’s Nuclear Security Index in 2014, but
only 43 additional improvements have
been reported since then. Uzbekistan
was the only nation to have rid itself of
all its  weapons- usable materials during
the past two years, compared with seven
countries that had done so between 2012
and 2014.

President Obama convened the first
of a series of biennial security summits
in 2010, after a 2009 Prague speech in
which he announced his goal to secure
all vulnerable material by 2014. Al-
though that goal is still far from met,
each of the summits produced pledges
from participating nations that they
would take specific steps to better pro-
tect their nuclear materials. In 2014, for
example, 35 of the 53 national leaders
 attending the summit in the Hague, the
Netherlands, promised to implement
and codify International Atomic Energy
Agency nuclear security guidelines, to

accept periodic peer reviews of their se-
curity practices, and to ensure that their
nuclear security personnel are “demon-
strably competent.” Notably absent from
the signatories were Russia, China,
India, and Pakistan.

Obama’s commitment to securing
 nuclear materials appeared to waver
when his fiscal year 2015 budget pro-
posed a steep reduction to the Depart-
ment of Energy program that provides
assistance to other nations to round up
and secure their materials (see PHYSICS
TODAY, May 2014, page 18). Officials ex-
plained at the time that the cut was
needed to pay for an increase in the de-
partment’s nuclear weapons programs. 

The nuclear industry will hold an
 international gathering in Washington 
in parallel with the upcoming summit.
Around 300 executives from 52 nations
are expected to attend, says Daniel Lip-
man, vice president of supplier and inter-
national programs at the Nuclear Energy
Institute (NEI), the US nuclear industry’s
trade association. Notably if predictably
absent this year will be Russia. Industry
working groups will discuss improving
cybersecurity and securing spent fuel,
plutonium, and radiological sources. In
a first-of-its-kind workshop, industry at-
tendees will join representatives from a
range of nongovernmental organiza-

PRESIDENT OBAMA ATTENDS THE 2014 NUCLEAR SECURITY SUMMIT in the Hague, 
the Netherlands, with other world leaders. Behind him (third from left) is Energy secretary 
Ernest Moniz.
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tions, both pro- and  anti- nuclear, to dis-
cuss their common security goals.

Although highly enriched uranium
isn’t used in the nuclear power industry,
uranium enrichment and civilian spent-
 fuel reprocessing facilities raise prolifer-
ation concerns. Security of nuclear mate-
rials during transport is a topic that
Chinese and Indian industry representa-
tives have asked to have put on the
agenda, Lipman says.

Marvin Fertel, president of the NEI,
says that previous industry summits
have resulted in exchanges of best prac-
tices for handling materials. There is
growing recognition of the need for cer-
tifications, standards, and best practices
for security personnel at facilities, and
Fertel says that topic will be addressed.

Given Obama’s central role in con-
vening the summits, no one can say for
certain whether this year’s will be the
last. Fertel says the industry may well
continue to hold its gatherings even
 absent future governmental summits.

Cooperation or catastrophe
For the first time, this year’s NTI review
tackled how well the 45 countries with
civil nuclear facilities guarded them
from sabotage, including cyberattacks.
Finland topped that list, followed by
Australia, Canada, and the UK. The US
tied for sixth place with Hungary and
Sweden. At the report’s unveiling, NTI
CEO and former US senator Sam Nunn
(D-GA) lamented that nearly half of the
countries assessed do not have legal and
regulatory requirements in place to
shield their civilian nuclear plants from
cyberattacks.

Nunn urged world leaders to main-
tain the momentum that the previous
summits created. “My bottom line: Sig-
nificant progress that deserves applause
and at least two cheers has been made,
but the world has miles to go before we
sleep,” he said. “Progress must be sus-
tainable. We are in a race between coop-
eration and catastrophe. Our leaders
must pick up the pace. They must also
pass the baton to their successors.” 

Although global stocks of  weapons-
 usable materials have declined in the
past two years, trends point to a leveling
off or a possible increase in coming years,
according to the NTI report. India and
Pakistan grew their inventories for civil-
ian and military purposes, and Japan
and the UK produced or imported plu-

tonium in the form of spent fuel faster
than their reactors consumed it. The
Netherlands introduced mixed oxide
fuel, which contains plutonium, in a
 reactor that had previously been fueled
with low- enriched uranium. And North
Korea’s planned restart of a small reactor
and its operation of an enrichment plant
point to an increase in materials there.

Japan plans to restart its Rokkasho
Nuclear Fuel Reprocessing Facility in the
next few years, but in the wake of the
Fukushima disaster, the vast majority of
the country’s reactors won’t be on line to
consume the plutonium fuel that the
plant produces. Japan was ranked the
most improved country among the two
dozen nations possessing a significant
amount of  weapons- usable materials. 

Reactor conversions slow 
In a related report, a committee of the
 National Academies of Sciences, Engi-
neering, and Medicine urged the US gov-
ernment to accelerate conversion of the
country’s six remaining  weapons-grade
 uranium- fueled (greater than 90% 235U)
research reactors to much  lower- enriched
fuel. Although those reactors are a prolif-
eration concern, the DOE estimates that
it will take 15 years to modify them to ac-
commodate low- enriched (less than 20%
235U) fuel. The reactors are located at MIT,
the University of Missouri, NIST, Oak
Ridge National Laboratory, and Idaho
National Laboratory. In its congression-
ally mandated report released on 28 Jan-
uary, the academies committee recom-
mended fueling the reactors with 45%
235U until the low- enriched fuel becomes
available.

The academies report, Reducing the
Use of Highly Enriched Uranium in Civilian
Research Reactors, noted that Russia is
home to 40% of the world’s remaining
such reactors. Collaborations between
Russia and the US to convert them have
essentially ceased due to the strained
 relations between the two nations.
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