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Abstract

The study of the performance of a cold-hydrogen moderator and a supermirror-based neutron beam extraction system of the flight

path 12 at LANSCE has been performed based on energy-resolved neutron optical imaging. We have developed a pinhole camera system

with a 2D position-sensitive 3He multiwire proportional chamber neutron detector with delay line position encoding (0.75mm pixel size),

together with a standalone time-of-flight electronic system with 1.2 ms dead time. We have determined the efficiency, resolution, and

counting rate saturation of the detector. In particular, we have considered an impact of these parameters on the quality of the images.

The neutron images of the moderator were taken as a function of the neutron wavelength given by the time-of-flight information. The

images were recorded as arrays of 256� 256� 2000 pixels; x and y coordinates, and time of flight. Information obtained from the images

includes a distribution of the brightness on the neutron moderator, the efficiency and geometrical accuracy of the beam extraction

system, and the reflectivity of the supermirror-coated elements of its optics. Our results demonstrate that the pinhole optical camera-

based neutron imaging method combined with time-of-flight information is an extremely efficient tool to characterize neutron sources

and neutron beam extraction systems.

r 2006 Elsevier B.V. All rights reserved.
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1. Introduction

A fast and reliable measurement method has been sought
for surveying the condition of a neutron beam extraction
system and for determining the characteristics of a neutron
moderator which typically are available as results of
computer modeling [1]. We have developed a neutron
imaging technique based on a pinhole camera and a 2D
position-sensitive delay-line encoded multiwire 3He ion
chamber detector. We have tested the device by measuring
the brightness of the flight path 12 (FP12) unique partially
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coupled cold-hydrogen moderator operated in back-
scattering and flux-trapped geometry at the Los Alamos
Neutron Scattering Center (LANSCE) [2]. Also we have
taken images of the FP12 neutron guide system to study its
performance—alignment accuracy and average reflectivity
of the supermirror plates. The results allow the evaluation
of the wavelength-dependent guide transfer function.
2. Experimental setup

Fig. 1 shows the setup of the experiment, dimensions are
in mm, the vertical-to-horizontal scale is 50:1, M is the
moderator surface, E the FP12 neutron beam extraction
guide system [1], including a shutter section, D the
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Fig. 1. Experimental setup on the FP12 at LANSCE.

Fig. 2. Neutron image in the range 2.74–9.55 Å. Area d is direct view of

the moderator, in areas aa, ab, bb, and ba the neutrons had one reflection,

and in areas ac, ad, bc, and bd the neutrons had two reflections. The outer

frame size is 142� 142 pixels.

Fig. 3. Images of the non-attenuated beam in several wavelength ranges;

the number of counts in the brightest pixels are shown in brackets;

measurement time: 6662 s (133240 pulses).

Fig. 4. Vertical cuts of the pinhole images indicating the proportionality

between the saturated and non-saturated images.
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position-sensitive neutron detector, P is a 1mm diameter
pinhole in a Cd plate mounted on a boron-loaded
polyethylene plate with a 25mm hole. Also shown are the
limits of the upper single reflection bb and the correspond-
ing direct view region d for the neutron guide reflectivity
estimation. It turned out that there was an eccentricity of
3.5mm in horizontal and 4.5mm in vertical direction of the
pinhole with respect to the neutron guide axis. The neutron
guide inner cross-sectional area is 9.5� 9.5 cm2.

Fig. 2 shows our typical pinhole camera neutron image,
together with the frames delimiting the direct view, single
and multiple-reflection regions. The images were taken as a
function of neutron time of flight [3], triggered by the
incident proton pulse on the spallation target allowing the
representation of measured quantities as a function of the
accurate neutron wavelength Fig. 3.
3. Position-sensitive 3He ion chamber neutron detector

The neutron images were recorded using a 2D position-
sensitive delay-line encoded multiwire 3He ion chamber
detector with active area of 20� 20 cm2, containing
p ¼ 2.5 bar 3He gas, with an active thickness of x ¼ 3.5 cm.
The effective gas absorption is

Z ¼ 1� exp �
x

m

� �
¼ 1� exp �

xp

k
l

� �
, (1)

where k ¼ 12.98 cmbar Å. We measured two pinhole
images in order to determine the detector saturation, one
with non-attenuated beam and one through a polyethylene
attenuator.
Even under heavily saturated conditions, the detector

image is fairly proportional to the one taken in the non-
saturated conditions. This is indicated in Fig. 4 where
vertical cuts are plotted through the non-attenuated and
attenuated beam images with different magnitude scales.
This shows that the image remains proportional even when



ARTICLE IN PRESS

Fig. 5. Measured neutron spectra on the surface of the FP12 moderator as

a function of the neutron wavelength, a: as measured, non-attenuated,

uncorrected spectrum; b: as measured, attenuated, uncorrected spectrum;

c: attenuated beam, PE attenuation correction; d: c with gas detection

efficiency correction; e: d with air attenuation correction; f: results of

scintillation detector measurement [1]; g: results of MC simulation [1].

Fig. 6. Averaged reflectivity of the neutron guide mirror plates.
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the global count rate exceeds the saturation limit deter-
mined by the finite delay line length and the electronic
processing performance.

4. Evaluation of FP12 moderator brightness

The measure of the performance of the neutron source is
its moderator brightness. The neutron flux out from the
moderator surface is given by

Fd ¼
I

ZdldOdA t
, (2)

where Z is the detector neutron absorption efficiency given
by Eq. (1), I the number of events measured on nx� ny

pixels in one time bin, dA in cm2 is the area of the pinhole
(0.1 cm diameter pinhole at ld ¼ 2590mm from the
detector), t ¼ nt 0.05 s is the effective measurement time
(nt is the number of counted neutron source pulses),
dl ¼ 3956 t/lm in Å is the elemental wavelength (t ¼
0.051ms is the length of a time bin and lm is the
moderator–detector distance ¼ flight length), and dO ¼ nx-

nyd2/ld
2 is the solid angle corresponding to the observed

area where d ¼ 0.754mm is the pixel size. Substituting in
Eq. (2), we obtain

Fd ¼
lml2df

Z 3956 td2 dA

I

nxnynt

n

cm2s sr Å

� �
. (3)

The measured direct neutron spectra on the moderator
surface are plotted in Fig. 5 as a function of wavelength.
5. FP12 neutron guide assessment

The reflectivity of the supermirror plates of the neutron
guides of the beam extraction system can be determined by
computing the ratio between the number of detected
neutrons in pixels corresponding to the reflected and direct
neutrons, respectively (see Figs. 1 and 2). The reflectivity of
the mirror plates averaged over the single reflection regions
is plotted in Fig. 6 as a function of m ¼ yc/yc(

nat.Ni). In
reality, the reflectivity of a single mirror plate is better than
that shown by these results since we are averaging several
plates and also the alignment of the plates is not perfect.
Dark stripes in the image of Fig. 2 are due to the imperfect
alignment of the FP12 shutter section, which reduces the
average reflectivity.
6. Conclusion

The pinhole optical camera and 2D position-sensitive
neutron detector-based imaging system combined with
time-of-flight information is proved to be an extremely
efficient tool to study the variation of the neutron
brightness on the moderator surface as well as the
efficiency and geometrical accuracy of the beam extraction
system and the determination of the reflectivity of the
supermirror-coated elements of the beam extraction optics.
With a single short exposure time image we can have a
complete moderator and guide information as a function of
neutron wavelength.
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