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Abstract: In this paper, the possibility using micromegas(Micro-Mesh Gaseous Structure) as neu-

tron detector in 14 MeV neutron computed tomography (CT) has been simulated. The results

show that the micromegas neutron detector has high spatial resolution and is a good candidate for

neutron radiography. The three-dimensional images of plant roots in soil are successfully and

clearly obtained by the 14 MeV neutron CT with micromegas as a neutron detector. In the present

simulation, MCNP is employed for 14 MeV neutron transport in the sample and Matlab for the 3-

D photograph reconstruction.
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1 Introduction

Non-destructive examination (NDE) technique
is of great importance for botanists to monitor the
growth of a plant alive without removing soil and
judge the health, growth and vitality situation of
the plant, and to carry on their deeper research on
the plant.

Among many NDE techniques available and
capable of revealing the internal structure of an ob-
ject, X-ray radiography has become widely used in
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many fields" ™ including in botany. However, X-
ray is not sensitive to hydrogen, whereas neutron
is much more sensitive to hydrogen and conse-
quently, the neutron radiography is expected to
give better results for visualizing plant roots in
soil. It is well known that CT technique is quite re-

liable to give clear 2D and 3D image. Neutron radi-

ography with CT technique, i. e. neutron CT, may

* Received date: 13 Feb. 2009; Revised date: 16 Mar. 2009

be treated as a more effective tool for qualitatively
investigating the distribution of hydrogen in an ob-
ject. The principle of Neutron CT and X-CT'! is
the same. The differences between them are from
the interaction of X-ray and neutron with matter.
Compared with X-CT, neutron CT develops slow-
ly. One of the key problems which limit the devel-
opment of neutron CT is the position-sensitive neu-
tron detection technique.

Micromegas (Micro-Mesh Gaseous Structure)
as a kind of micro-pattern gaseous detector has
many outstanding features, such as good radiation
resistance, excellent time properties, perfect spa-
tial resolution, stability, high gain and counting
rate. Although it was originally designed for
charged particles and X-rays™', it could also be
used for neutron detection by adding a convert ma-
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terial® " and have a good spatial resolution for
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neutron. All these excellent performances are just
needed by neutron CT. The micromegas detector
has been designed, constructed and studied since
the beginning of 2006 by our group in Institute of
Modern Physics, Chinese Academy of Sciences and
the possibility of its being used in neutron CT sys-
tem has being studied since then.

In this paper, based on the accelerator neutron
source (T (d, n) '"He, 3 X 10" neutrons/s) of
Lanzhou University and the micromegas as the po-
sition sensitive neutron detector, a prophase simu-
lation of neutron CT for three-dimensional visual-
ization of plant roots in soil is presented. This
work would be expected to give some advisable in-
formation and firm confidence for further design of
this radiography system planned to be developed in

Lanzhou University.

2 High Spatial Resolution of Micro-

megas as a Neutron Detector

Micromegas detector was developed firstly by
7] in Dapnia of CEA (French
Atomic Energy Commission) at Saclay in 1996. At

Giomataris'™ et al.
present, it has been regarded as a robust one in the
current and future physical experiments. The de-
tails of the detector used in the present simulation

are shown in Fig. 1.
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Fig. 1 Schematic of the Micromegas detector.

To study the performance of micromegas, two
independent simulations have been done. In the
first part, the drifting and multiplication of ionized
electrons in the detector are simulated by Garfield.

Its response functions in both time and space are

obtained.

In the second part, the procedure of an inci-
dent neutron flying into the detector, leading a re-
coiled proton, which produces a lot of primary ion-
ized electrons in the drift region, is simulated by a
code based on Geant4. The efficiency of recoiled
proton for per incident neutron is about 10 *. The
response of the detector for a good event is simula-
ted.

After all procedures above, to get a higher
spatial resolution, a new readout method called
time coincidence technology has been developed.
The main principle is that as the track of recoiled
proton is not perpendicular to the detector plane,
we only measure the original part of the track,
which would be much closer to the position of the
incident neutron. As a signal of a whole track lasts
for a while. only the last part of it should be recor-
ded. In such way, the original position of the re-
coiled proton is measured""’. The final spatial res-

olution is shown in Fig. 2.
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Fig. 2 Deviation under the new configuration.

An exponential decay in Fig. 2 shows that the
spatial resolution for this detector configuration is
only 91.9 pm, which is good for the need of neu-
tron CT. Considered for some experimental fac-
tors, the spatial resolution was set to 200 pm in

the neutron CT in our simulation.

3 Neutron CT

A transmission neutron CT setup at a radio-
graphy beamline consists of a position-sensitive
neutron detector system and a rotary table. The

sample under investigation is fixed on the rotary
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table in the collimated neutron beam and can be ro-
tated with the rotary table in small angular steps
over 180°. A slice of an object perpendicular to the
axis of rotation of the rotary table is chosen to be

analyzed in mathematics (see Fig. 3). The intensi-
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Fig. 3 Line of response in single slice projection.

ty of neutron beam along a straight line of response

obeys the Beer-Lambert law

I((O, 6):I([):Ioeffl/;(z-.y)d/‘ (1)
The projection along the straight line of response
parameterized by distance p and angle 0 in the slice

is defined as:

/

P(p, & =In plas yydi. (2)
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This is Radon transform of the unknown distribu-
tion of the linear neutron attenuation coefficient
p(xs ). The plane distribution of ¢ can be recon-
structed from the projection P(p, ) by inverse Ra-

don transform:
1 ) =J“P<xcoso+ysin0, Hdo. ()
0

Eq. (3) is a short notation for the procedure called
“ filtered back projection”, implementing the
inverse Radon transform . By rotating the table ,
<.
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enough projections P (p, 0) can be obtained and
used to calculate the p(x, y) to get its 2D images.
From the 2D images, the 3D matter distribution
can be also reconstructed.

In reality, some implied assumptions are
poorly fulfilled. Considering neutron transport
through bulky sample, the biggest violation is due
to neutron scattering. Firstly, Beer-Lambert law,
i. e. Eq. (1), assumes that scattered neutrons
should not reach the detector. But in fact, the
scattered neutrons in neighboring lines of response
lead to an additional contribution to the value of
I(ps @) measured in the detector. And the present
detector can not distinguish direct source and scat-
tered contributions. Secondly, Eq. (1) is valid for
the mono-energetic neutrons only. Although the
incident neutron beam can approximately have a
single energy, the beam energy would decrease
with neutron going deeper into the sample due to
the neutron scattering. The detector measures the
energy spectrum averaged neutron response. Due
to the energy dependence of the neutron cross sec-

tion values, this induces another deviation from

the exponential attenuation law".

4 Simulation and Results

4.1 MCNP calculation

In the present work, MCNP is employed to
simulate the transport of the neutron beam going
through the soil sample and scanning the consider-
able section to get the projections P (p, 0). The
simulation setup of neuron CT is shown in Fig. 4.
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Fig. 4 Arrangement in MCNP.
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As shown in left part of Fig. 4 the soil sample is a
cylinder with a root in it. The weight fraction of
different compositions in the sample is tabulated in
Table 1. The compositions in root and soil are sup-
posed to uniformly distribute, respectively.

The energy of neutron beam is 14 MeV. The
imaging plate is actually the micromegas neutron
detector with spatial resolution of 200 pm. The an-

gle step of turning table is 3. 6° from 0° to 180°.

Table 1  Composition of root and soil in
MCNP input file (wt%)

Composition Root Soil
H 11 3.2
C 5 4
N 4 2
O 75 40. 8
Na 3 —
Al — 10
Si — 30
Ca 2 —
Fe — 10

4.2 2D and 3D images

Using the projections P (p, 0) obtained with
MCNP, a Matlab program was developed to run
Filtered Backprojection Algorithm to get the 2D
image of the sample. In order to get high quality
3D image, 250 cross section images were totally
obtained. As an example, Fig. 5 shows two of
them with area 1. 2 cm x1. 2 c¢cm each. The cross
section image of the root in the soil sample is quite
clear.

Furthermore, the 3D Medical Image Process-
ing and Analyzing System (3DMed) was employed
to get 3D image. This software system is expected
to process and analyze the image data. 2D image
data calculated with our Matlab code were used as
an input of 3DMed. The 3D images of root in soil
are shown in Fig. 6 (right part). In order to see
how well the images got with neutron CT , the ob-

jects were put on the left of Fig. 6. From the Fig.

6, it is clear that the images of the root in soil

taken by the neutron CT have very good quality.
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Fig. 5 Two selected section images with area of 1.2 cm x

1.2 cm.
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Fig. 6 (a) the 3D visualization of root tips in different visual

soil around.

angle; (b) their corresponding images taken with pres-

ent neutron CT.

5 Conclusions and Outlook

According to our simulation, since Microme-
gas for neutron detection has high spatial resolu-
tion and neutron ray is very sensitive to hydrogen,
the neutron CT with micromegas as a neutron de-
tector can provide high quality image of a plant
root in soil. This work is expected to be helpful for
setting up neutron CT system based on the acceler-

ator neutron source of Lanzhou University.
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