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The SNS is currently the US Department of Energy's
largest accelerator construction project, and is being
carried out by a partnership of five DOE National
Laboratories for building the world's most powerful
accelerator-based pulse spallation source.  At its planned
2 MW operating level, it will produce neutron fluxes at
least a factor of ten greater than Rutherford Appleton
Laboratory’s ISIS, currently the world’s leading spallation
source.  The current design of the SNS, shown in Figure
1, calls for a full-energy (1 GeV) linac delivering 1 ms
pulses to an Accumulator Ring which compresses these
into 600 ns proton pulses that strike a liquid mercury
target at a 60 Hz rate. Room-temperature and cryogenic
moderators produce beams of slow neutrons suitable for
materials research with an initial suite of at least 10
neutron-scattering instruments. Table 1 summarizes the
basic parameters for the baseline design.

FIGURE 1:  Schematic layout of SNS

Table 1.  SNS Baseline Design Parameters

Beam Species on Target Protons
Proton Beam Energy 1 GeV
Average Beam Power 2 MW
Pulse Repetition Rate 60 Hz
Linac Pulse Length 1 ms
Turns Injected in Ring 1200
Particles Stored in Ring/pulse 2 x 1014

Pulse Width on Target 600 ns
Instantaneous Current on Target ≈60 A
Instantaneous Power on Target ≈60 GW
Target Material Flowing Mercury
Moderators, Ambient Temp 2 (water)
Moderators, Cryogenic 2 (Supercritical H2)
Neutron Beamlines ≥18
Uncontrolled Beam Loss < 1 watt/meter

Note, the last line in Table 1 represents one of the
biggest challenges in the design of the SNS.  It represents
a fractional uncontrolled beam loss of less than 1 x 10-4

over the whole length of the accelerator and transport
lines.  This very low loss is required to ensure that

activation and residual-radiation levels in the tunnels are
low enough to allow quick access and hands-on
maintenance, and is driven by the very high reliability and
availability specifications associated with the strong user-
orientation of the SNS facility.  Areas where unusable
beam is diverted (so-called "controlled" beam-loss
points), such as collimators, scrapers and dumps, must be
designed to collect these particles in a way that contribute
only minimally to background levels in the tunnels where
access is required.  Normal loss mechanisms must receive
particular attention to meet this specification.  This
implies very tight control over beam emittance, and
emittance growth; designing for the largest-possible stay-
clear apertures in linac, transport and ring structures;
understanding of space-charge and halo effects in linac
and ring; ensuring highest-possible vacuum in areas
where H- beam is transported to avoid stripping losses;
extremely careful design of ring injection system and
painting to ensure cleanest injection and capture, and the
minimum number of foil traversals of the circulating
proton beam; understanding potential ring instabilities
associated with the very high stored number of protons.
In addition, operational issues of stability in power
supplies, efficient tuning and feedback algorithms, quick
turn-on and rapid tune-up procedures, high-quality
diagnostics, and extremely high reliability of all
components all add to the challenge of the SNS design.

Rising to these challenges, substantial progress has
been made by all the partner laboratories; this progress is
highlighted below.

Lawrence Berkeley National Laboratory (LBNL) is
responsible for the beam formation, and the first part of
the accelerating system.  Their design calls for producing
the 70-mA, 1 ms H- beam pulses in a volume-type rf-
discharge source, bunching and accelerating the beam in
an RFQ to an energy of 2.5 MeV, and chopping the beam
into 600 ns “mini-pulses” (with 250 ns gaps between
them) suitable for lossless injection into the ring.  While
all relatively mature technologies, the design requirements
do stretch the levels of performance for several of the
needed systems.  R&D efforts are close to demonstrating
required beam-current levels, and have solved several
thorny problems, including the separation of electrons
extracted from the source along with the H- ions.  The
first production units are currently being assembled, a
fully-operating test-bed will be running in about a year’s
time.

Los Alamos National Laboratory (LANL) is
responsible for the linac systems required to accelerate the
beam to the full energy of 1 GeV.  The current baseline
design consists of a DTL (Alvarez-type Drift-Tube Linac)
between 2.5 MeV and around 85 MeV, followed by a
conventional CCL (Coupled-Cavity Linac) to take the
beam the rest of the way to 1 GeV.  The configuration of
this linac system is based on the very successful LAMPF
(now LANSCE) design, with a few enhancements based
on lessons learned over the long experience base with this
accelerator.  For instance, the frequency jump between the



DTL and the coupled-cavity structures is only a factor of
2 instead of 4 (400 to 800 MHz, versus 200 to 800 MHz),
and the focusing configuration has been adjusted to
ensure better matching between the various accelerating
and transport sections.  Designs are being finalized now,
and hot-model testing is proceeding.  Procurements for
klystrons and structure components are expected to begin
in 2000.

A recent decision has been to not incorporate the
CCDTL concept into the accelerating chain.  This has
resulted from some engineering difficulties with a test
section, and a re-evaluation of the optimization of
structure design, cost and beam dynamics.

As a parallel activity, a serious evaluation is being
conducted on the potential advantages of replacing the
normal-conducting high-energy linac portion of the linac
(above around 200 MeV) with a superconducting
structure.  Recent advances for TESLA at DESY have
addressed some of the technical issues associated with
application of this technology for pulsed linacs, but other
issues associated with operational reliability and details of
rf systems, as well as cost and schedule compatibilities
with the overall project , are still being evaluated.  A
decision is expected by mid December 1999.

Brookhaven National Laboratory is building the
Accumulator Ring that provides the pulse-compression
(current amplification), and the high-energy transport
lines connecting this ring with the linac and the target.
Beam is shaped, collimated and conditioned in the first
transport line (the HEBT, or High Energy Beam Transport
line) for optimum injection into the ring; the aim being to
minimize beam loss in the ring, and allow for efficient
and controlled stacking of the ≈1200 turns accumulated
during the injection process.  A 90° achromatic bending
section is provided in the HEBT for momentum selection
and cleaning.  Beam is passed through a 300 µg/cm2

carbon foil, in which the two electrons are stripped from
the H - beam, and the resulting protons join beam already
stacked in the ring.  The foil is supported by thin carbon
fibers to eliminate the support frame that would intercept
beam.  Programmed bump magnets in the ring are used to
paint the 1200 turns into a suitable pattern to minimize the
number of times the circulating beam traverses the
stripping foil, and to ultimately tailor the beam density
distribution that strikes the target.

The ring has four straight sections, connected by four
90° achromatic bending arcs.  Each straight has a
particular function:  injection, cleanup and collimation, rf
and extraction.  The collimation section is designed to
provide a location where beam that is outside of
acceptable parameters can be deposited in a controlled
fashion, and thus contribute in a minimal fashion to the
overall activation of the ring components and tunnel.  It is
anticipated that less than one or two percent of the beam
will be deposited in these collimators.  These collimators
play a key role in meeting the overall “uncontrolled loss”
budget of 1x10-4.

The rf section keeps the beam well bunched, with a
very clean “gap” of about 250 ns (about 35% of the
circumference) in which almost no particles are found.
The purpose of this gap is to allow the extraction kicker
magnet (which has about a 200 ns risetime) to complete

its transition between “off” state and “on” state with no
beam present.  (Any beam in the magnet during this
transition would be lost on the septum, causing substantial
activation and thermal damage.)  Note, this gap originates
way back in the low energy end of the linac, where the
“mini-pulses” are produced by the beam chopper, the train
of “mini-pulses” and gaps being synchronized to overlap
during the stacking process.

After the full complement of turns is injected into the
ring, a fast kicker ejects the entire load (in a single turn)
and sends it through the RTBT (Ring-to-Target Beam
Transport) line to the target.

Oak Ridge National Laboratory is designing the target,
moderator and neutron transport systems.  Situated inside
a 6-meter radius block of concrete  and steel, these
systems convert the beam power via carefully designed
moderator and reflector systems into usable fluxes of
thermal and slow neutrons that are conveyed in the 18
transport lines leading to the scattering instruments.

Liquid mercury is used as the target, flowing at a rate of
1.5 meters per second through the target vessel.  As such
the 2 MW of beam power causes only a 30°C temperature
rise.  Liquid metal offers numerous advantages for high-
power targets, including mitigation of shock problems,
reduction of waste-streams for spent targets (the charge of
mercury, about 1.5 cubic meters, is expected to last
throughout the entire life of the facility), and minimizing
of decay heat in the event of a system shutdown, since the
activation is spread throughout the entire liquid volume
instead of concentrated in the actual area where the beam
stops.

R&D activities focus on operation of flowing loops,
corrosive effects, beam-shock measurements and
modeling, and radiation effects.  In these regards, there
are substantial interactions between the SNS target group
and ongoing activities in Japan and Europe.

Instruments for neutron scattering are being developed
by a consortium centered at the IPNS at Argonne National
Laboratory, with joint ORNL-ANL management.  To
make best use of the very high fluxes that will be
available at the SNS, a strong emphasis has been placed
on innovative designs and new technology for detectors
and instrument concepts.  As a result, instrument types
and performance requirements are being specified, but the
detailed designs are being coupled closely with carefully-
designed R&D activities to ensure that each of the 10
instruments expected to be on-line at the start of operation
are truly world-class.

The 35 hectares required for the SNS site fit very
comfortably on the Oak Ridge Reservation just outside of
Knoxville, Tennessee; a new complex will be constructed
on Chestnut Ridge located about 2 km north-east of the
Oak Ridge National Laboratory.  Approval to begin
construction has just been granted by the Department of
Energy, and site-preparation work will commence in early
2000.  The total cost of the project is 1.36 billion US
dollars, and first beams will be delivered at the end of
December, 2005.


