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Five neutron collimator designs were constructed and tested at the NOMAD instrument. Collimators were made from
High Density PolyEthylene (HDPE) or 5% borated HDPE. In all cases, collimators improved the signal to background
ratio and reduced detection of secondary scattering. In the Q-range 10-20 A", signal to background ratio improved by
factors of approximately 1.6 and 2.0, for 50 and 100 mm deep collimators respectively. In the Q-range 40-50 A"! the
improvement factors were 1.8 and 2.7. Secondary scattering as measured at Q ~9.5 A"l was significantly decreased

when the collimators were installed.

Neutron diffraction is an important tool for the precise
determination of materials structure. The general principle
of operation involves directing a beam of neutrons onto a
sample and detecting those that are scattered [1]. Both
instrumental background and secondary scattering are
undesirable and degrade the data quality. Some levels of
both are ultimately unavoidable. Secondary scattering
occurs when neutrons initially scattered from the sample
are re-scattered by beamline components. Secondary
scattering degrades the data quality in a similar way to
multiple scattering where neutrons re-scatter within the
sample). Unlike multiple scattering, secondary does not
scale with sample size and cannot be corrected by
calculation. Secondary scattering is largely isotropic and
therefore can be reduced by collimation. A background
consists of neutrons scattered by beamline components
without interaction with the sample. Provided the
background is stable it degrades the data by limiting the
statistical accuracy achievable for a given amount of
sample in a given time. Background that does not originate
from the sample position can be reduced by collimation.

The Nanoscale Ordered Materials and Amorphous
Diffractometer (NOMAD) beamline 1B at the Spallation
Neutron Source, Oak Ridge National Laboratory, is
designed to investigate liquid and glassy samples [2]. This

instrument uses a high flux (~10% cms™!) of neutrons in
the energy range from 9 meV to 8 eV (wavelengths from
0.1 to 3 A). Neutrons are detected using assemblies of
eight 25 mm diameter Reuter-Stokes *He detectors, “eight
packs” (GE Measurement and Control, Billerica, MA) [3].
The detector tubes in the eight packs are approximately 1
m long and coplanar with 2 mm spaces between tubes. The
detector chamber is a horizontally mounted cylinder ca.
3.5 m long and 2 m in diameter with tapering ends. The
eight packs are laid out with their long axes aligned with
the long axis of the chamber. There are currently 50 out of
99 planned eight packs installed at NOMAD.

Radial collimators are spatial filters that transmit neutrons
originating from the sample position and block others.
Collimators are made from materials that absorb neutrons
and only transmit them over an angular range defined by
the layout of the thin plates that make up the collimator
[4]. Typical materials used are Gd, Cd and B the first two
of which are highly absorbing but limited in the energy
range of neutrons absorbed. In this work, we used HDPE
that attenuates the neutrons through scattering rather than
absorption. That slows neutrons to energies that are
absorbed either by !B present in the bulk and/or
gadolinium on the surface of the plates. HDPE can be
shaped easily, is inexpensive and light weight.



The collimators were comprised of an 8 by 40 array of
approximately square cross section cells, each 25 mm on a
side. The plate thickness was 3 mm and the depth of the
collimator was either 50 or 100 mm with the effective path
length along the open part of the cell dependent on its
orientation with respect to the detector. The plates were
located to align with the spaces between the detector tubes
to limit transmission loss, while neutrons that fell outside
the angular acceptance window were intercepted and
blocked. The long and the short version of the collimator
correspond to roughly 13 and 26 degree angular
acceptance respectively. An ideally configured collimator
made from 3 mm wall thickness cells would transmit
87.7% of the primary scattering; the remainder would be
blocked by the plates. Five collimators were constructed.
The first prototype was 100 mm deep and built from
interleaving 3 mm thick HDPE flat sheet painted with
gadolinium-bearing paint (Euro Collimators, Elmstone
Hardwicke, UK). This served as a proof of concept;
however the design was not optimal due to the cells not
being truly radial to the sample. The other four collimators
were made from two or four layers of 25 mm thick HDPE
or HDPE containing 5% boron by weight (Shieldwerx, Rio
Rancho, NM). HDPE plates 25 mm thick were formed by
S-axis waterjet cutting (Precision Waterjet Concepts, Inc.,
Pequot Lakes, MN) and welded together. Some of the
assembled collimators were then painted with the
gadolinium-bearing paint. The four layer design
collimators have the same cell geometry, but were
designed to test differences in performance due to
variation in collimator depth, boron content, and the
presence of gadolinium; collimator designs are listed in
Table 1.

ID Dimensions (mm) | Construction

2B 1000 x 200 x 50 2 borated layers, no paint
2BGd | 1000 x 200 x 50

4Gd | 1000 x 200 x 100
4BGd | 1000 x 200 x 100
Sheet | 1000 x 200 x 100

2 borated layers, Gd paint
4 HDPE layers, Gd paint
4 borated layers, Gd paint
Sheet HDPE, Gd paint

TABLE 1. Fabricated and tested collimators. Layered
collimators were welded together.

The HDPE parts were precisely aligned, clamped together,
and then welded using a hot air plastic welder (Model SI-
2001-FCP, Seelye Inc., Ocoee, FL) with 3mm HDPE filler
rod. In all designs, additional side guards made from 3 mm
HDPE sheet were welded on the long sides of the
collimators to fully shield the detector tubes on either side
of each eight pack. The paint was stirred and applied using
a spray gun with dry nitrogen propellant. By using the
manufacturer’s specified application procedure, the paint
coverage us 0.048 mg mm? of Gd,O; over the surface of
the collimators. The collimators were mounted onto the
eight pack using hangers fabricated from 25 mm x 2 mm

aluminum strip. The hangers were bolted to the collimator
and formed to fit onto the detector frame. Precise location
of the collimator avoids unwanted shadowing of the
detector. Location was accomplished by aligning one of
the long sides of the collimator with one of the long sides
of the eight pack. The collimator was fitted flush with the
frame of the eight pack and centered left to right. In this
way, the rows of collimator cells aligned with the long axis
of the detector. Photographs of the collimators are shown
in FIG. 1.

FIG. 1. Photographs of the collimators installed inside the
NOMAD detector tank. The re-entrant well that housed the
samples is visible to the left of the image. The detector
bank numbers are marked on the figure. The collimators as
pictured are installed as follows: 1 — 2B, 2 — 2BGd, 5 —
4Gd, 6 — 4BGd. Top inset: a stack of four layers being
welded. Bottom inset: a collimator fabricated from
interleaved sheets.

The design made by interleaving HDPE sheets was limited
since the sheets could only be angled in one plane. The
layered design allowed for the use of complex angles so
the collimators could be designed and constructed to have
a maximum view factor for neutrons originating from the
sample position. The design for the collimators was
generated using SolidWorks, a 3D computer aided design
tool. Detector geometry relative to the sample position was
used to drive the design. The nature of 5-axis water jet
cutting allows for each cell in the collimator to be cut at a
unique angle without additional or excessive fabrication
cost. This capability enables each cell to be made truly
radial with respect to primary neutron scattering. Each cell



was designed to have equal width across the detector tubes
and to subtend an equal angle in the long axis of the
detector when viewed from the sample position.

To evaluate the performance of the collimators,
measurements of background and samples of
polycrystalline vanadium and diamond powder were made.
The samples were a 5.8 mm diameter solid vanadium rod
and diamond powder placed inside a 5.8 mm internal
diameter vanadium tube. The samples were located in the
neutron beam by mounting them on an automated sample
changer installed in an argon-filled re-entrant well on the
detector chamber. Measurements were made for a period
of 30 minutes. Measured values were compared with and
without collimators installed. The effect of collimators on
background was assessed by its ratio to the measured
vanadium signal (FIG. 2a). The reduction in secondary
scattering was assessed by comparing measurements on
diamond powder in the region between Bragg peaks
located at ca. 9.2 and 9.9 A (FIG. 2b). The data used in
the figures were processed as follows: (i) background is an
average of 10 measurements, (ii) data for individual
collimators are the average of two measurements with the
collimators on different eight packs, and (iii) the data were
smoothed using a moving average of seven points.
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FIG. 2. a) Vanadium signal to background as a function of
Q. b) Effect of collimators on the magnitude of secondary
scattering — the figure shows the region between two
Bragg peaks measured for diamond powder. The data
were normalized to vanadium and then renormalized to the
same level in the Q-range 40-50 A",

When 100 mm collimators were installed on both banks #5
and 6, the signal to background ratio measured on bank #5
was improved compared to when the same collimators
were installed on other adjacent banks. We attribute this to
anisotropy in the instrument background leading to
synergies between the collimators on banks 5 and 6. The
result indicates that installation of a full set of collimators
could result in a larger improvement in signal to
background ratio than that observed when single
collimators are measured. Data for bank #5 were
eliminated from the evaluation of the collimators. The
collimators made from layers were designed to provide an
optimized line of sight acceptance for the eight packs as
viewed from the sample position. The alignment of the
eight packs varied slightly around a ring of detectors
causing small misalignments of the collimators. The
resulting differences were small and could not be detected
in the measurements. This finding suggests that a single
collimator design could be used to good effect around a
complete ring of detectors.

Collimators improved the signal to background (FIG. 2a)
and reduced detection of secondary scattering (FIG. 2b). In
the Q-range 10-20 A", signal to background ratio
improved by factors of approximately 1.6 and 2.0 for the
50 and 100 mm deep collimators respectively. At higher Q
in the range 40-50 A"!, which is important for investigation
of short range order, the improvements in signal-to-
background factors were 1.8 and 2.7. The level of the
trough between two Bragg peaks at Q ~9.5 A’ in the data
for diamond decreased by 22 and 33% with the 50 and 100
mm deep collimators respectively. These results do not
provide a quantitative measure because diffuse scattering
by the sample also contributes to the signal. However, the
reduction in level indicates that there is significant
attenuation of the secondary scattering. The performance
improvement from Gd paint was apparent at lower neutron
energies where Gd absorbs strongly. At higher energies
(Q>30 A in Fig. 2a), the borated HDPE was superior to
the Gd painted plain HDPE. We conclude that borated
HDPE plate is well suited to the construction of
collimators for use in high energy, high flux beamline.
Waterjet cutting of the plate provides a fast and cost
effective means to fabricate geometrically ideal
collimators for eight pack detectors. Such collimators
improve the signal to background ratio and reduce
secondary scattering.
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