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Abstract : Neutron imaging techniques were investigated at Peking University based on a 4.5 MV Van de Graaff acceler—

ator. The thermal neutron radiography, fast neutron radiography and fast neutron resonance radiography were tested.

The low neutron flux limits the image quality. A new radio frequency quadrupole (RFQ) accelerator based on neutron

source with a yield of 1 012 n/s is being set up.
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1 Introduction

As a complementary technique of X—ray or gamma
ray imaging, neutron imaging has been widely used
around the world. However, neutron imaging usually
based on a reactor or spallation neutron source, which
are large and very expensive. An industry practical fa—
cility is usually compact, economic and has reasonable
performance. Neutron imaging facility based on small
accelerator, like radio frequency quadrupole ( RFQ)
accelerator, can meet these requirements. But it is suf—
fering from low neutron flux, which means it is not eas—
y to get high quality image on such a system.

In order to improve the quality of low flux neutron
imaging, we set up a neutron imaging experimental
platform on the Peking University 4. 5 MV Van de
Graaff accelerator, and carried out a serious of experi—
ments.

2 Facility
This facility is based on the 4.5 MV Van de

Graaff accelerator . Two kinds of targets are used on
this facility. One is thick solid beryllium target, which
can produce neutrons with continuous energy under the
deuteron beam bombardment. The neutron yields and
angle distribution has been investigated[uj. A poly-
thene moderator was used to thermalize the fast neu-—
trons as shown in Fig. 1. This moderator was optimized
to produce more thermal neutrons with limited fast neu—
tron yield. The moderator can be removed during the
fast neutron radiography experiments. Another kind of
target is deuterium gas for fast neutron resonance radio—

graphy. In that case almost mono energy fast neutrons
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can be generated by D-D reaction at a special direc—
tion.

A cooled charge coupled device (CCD) camera
with 1 024 x 1 024 pixels is used for imaging. Neutrons
are converted into visible light by scintillation screen
An NDg scintillation

screen from applied scintillation technologies was used

and recorded by the camera.

for thermal neutron imaging. Several kinds of fast neu—
tron scintillation screens have been developed at Pe—
king University for fast neutron imaging“' *". The CCD
camera is sensitive for radiation. Gamma rays and neu—
trons can damage the CCD chip or cause some isolated
snow spots in the output image. The CCD camera was
surrounded by multidayer shield to reduce the dose
rate on the CCD chipm. Also a special image process—
ing program was developed to remove the noise caused

by radiation.
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Fig.1 Sketch map of the neutron
moderator and imaging system
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3 Thermal neutron radiography

Thermal neutron radiographs were taken on this
platform. The neutron yield is less than 10" n/s. We
selected a very low L/D ratio, 30, to increase the neu—
tron flux to about 5 x 10" n/(cm’« s), which is just
sufficient for imaging ' The Cd ratio is 1. 5. Fig. 2
shows thermal neutron radiographs of the image quality
indicator and beam purity indicator, which were manu—
factured according to US standard ASTM ES545 -
The image of the beam purity indicator shows there is
little gamma component in the image. Limited by the
low neutron flux and low L/D ratio, the space resolu—
tion is about 0. 5 mm. Fig. 3 shows the pictures of
thermal neutron radiograph and X-ray radiograph of a
ball-point pen with metal cover. lts inner structure can

be seen clearly in the neutron radiograph.
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Fig.2 Thermal neutron radiographs of image
quality indicator (a) and beam purity
indicator of ASTM E545 (b)
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Fig.3 Thermal neutron radiograph (a)
and X-ray radiograph (b) of a ball-
point pen with metal cover

4 Fast neutron radiography

Large scale objects can be detected using fast
neutrons, which have higher penetrability than thermal
neutrons. However, the fast neutron scintillation
screen is a bottleneck for fast neutron imaging. Com-—
mon used fast neutron scintillators are low efficiency or
sensitive to gamma. We developed a new scintillation
screen with high neutron detection efficiency and low
gamma responsibility, which is the wavelength-shifting

fiber (WSF) converter o

neutron image quality and neutron efficiency under very

. It helps to improve the fast
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low neutron flux. Fig.4 shows the comparing of images
taken with new scintillator and conventional ZnS ( Ag)
scintillator. The samples were a lead step wedge and a
polythene step wedge. The thicknesses of the lead step
wedge are from 10 to 50 mm, while the thicknesses of
the polythene step wedge are from 6 to 30 mm. The
fast neutron flux is 2.3 x 10 n/(se em’ ). The noise
is much lower for the new scintillator. Fig.5 is another
image taken with this scintillation screen. The sample
consists of two bottles of water inside a steel cylinder.
The height of the water in the two bottles is different.
The neutron radiograph showed that the liquid con—

tained inside the steel shell is clearly visible.

©

Fig.4 Fast neutron radiographs of a stepped sample
(a)taken with new fast neutron scintillation screen(b)
and traditional ZnS( Ag) based
fast neutron scintillator (¢)

©

1; Front view
@ ®

Fig.5 Sketch map of a sample ((a) and (b)),

and its fast neutron radiograph (c)
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S Fast neutron resonance radiography

We also carried out fast neutron resonance radio—
] . . .
. With this technique, the con—

trast of a particular element can be enhanced, or even

. [
graphy experiments

the distribution image of a particular element can be
taken. Fig. 6 shows an example. The sample consists
of a group of graphite, aluminum and copper blocks
with different thickness ( Fig. 6 (a)). We used
6.3 MeV (on the carbon resonance peak) and 6. 1
MeV (out of the carbon resonance peak) neutrons pro—
duced by D-D reaction to get the carbon distribution
image. As shown in Fig. 6 (b), we cannot recognize
the graphite from aluminum clearly with 6.1 MeV neu-—
trons, but a carbon distribution imaging can be ob-
tained through adequate treatment from the two radio—
graphs taken with 6.3 MeV and 6.1 MeV neutrons as

shown in Fig.6(c¢) , in which the images of aluminum



and copper were removed.

Fig.6 The sample photo (a), its fast neutron
radiograph with 6.1 MeV neutrons (b) ,
and the carbon distribution image given by
fast neutron resonance radiography (c)

6 Discussion and perspective

We are setting up a RFQ accelerator based neu-—
tron imaging system, PeKing University Neutron Ima-
ging FaciliTY (PKU-NIFTY ). This is a more practical
neutron imaging facility comparing with the 4.5 MV
Van de Graaff. Its fast neutron yield can reach more
than 10" n/s, and the thermal neutron flux at the ima—
ging plan will be more than 10°n/ (em’+ s) when the
L/D is 100, which can be used in some practical ap—
plications.

Our experiments on the 4.5 MV Van de Graaff ac—
celerator show that it is possible to use low flux neutron
source for neutron imaging with current imaging tech—
niques. The neutron yield on this accelerator is no
more than 10" n/s, and the thermal neutron fluence at
the imaging plane is only around 10" n/ em” accumula—
ted within an exposure time of one hour, which is only
1/10 of the fluence requirement to get a good quality
image. The space resolution is limited by the low L/D
ratio of this facility, too. However, the experiments al—
so indicate that neutron imaging with good quality can

be expected to be taken within tens of minutes with the

Author

new PKU-NIFTY. It is reasonable for some applica—

tions.

References

[1] Pei Yuying, Zou Yubin, Guo Zhiyu, et al. Research on neutron
radiography of accelerator neutron source using D-Be reaction[ J].
Nuclear Techniques, 2007, 30(4) : 265268. (in Chinese)

[2] Y B Zou, Y Y Pei, G Y Tang, et al. Preliminary Experiments for
Fast Neutron Radiography Using the D-Be Reaction[ A]. Proceed—
ings of International Workshop on Fast Neutron Detectors and Ap-
plications[ C/OL]. Proceedings of Science, 2006, FNDA2006
058. http://pos. sissa. it//archive/conferences/025/058/FN-
DA2006_058. pdf

[3] Yubin Zou, Yuyang Pei, Zhiyu Guo, et al. Experimental Study on
Neutron Radiography with Accelerator based Neutron Source Using
D-Be Reaction [ A]. Arif M, Downing R G. Neutron Radiograph—
y: Proceedings of the Eighth World Conference on Neutron Radio—
graphy (WCNR-8) [C]. Lancaster; DEStech Publications Inc. ,
2008 : 87-94.

[4] Guo Jimei, Zou Yubin, Tang Guogou,et al. Measurement of neu—
tron yield of °Be (d,n) reaction, with thick target[ J]. Atomic
Energy Science and Technology, 2008, 42(12) : 10694072. (in
Chinese)

[5] Pei Yuyang, Tang Guoyou, Guo Zhiyu, et al. Research on fast
neutron radiography with 4.5 MV Van de Graaff accelerator of Pe—
king University [ J ]. Atomic Energy Science and Technology,
2006, 40(1): 79-82. (in Chinese)

[6] Yubin Zou, Li’an Guo, Zhiyu Guo, et al. Development of a con—
verter made of scintillator and wavelength— shifting fibers for fast
neutron radiography[ J]. Nucl Inst and Meth, 2009, A605: 73—
76.

[7] Xu Jianguo, Zou Yubin, Guo Zhiyu, et al. Simulation of shielding
for a CCD chip of an accelerator-based thermal neutron radiography
instrument[ J |. Nuclear Techniques, 2008, 31 (8) . 583-586.
(in Chinese)

[8] ASTM E545-2005. Standard Test Method for Determining Image
Quality in Direct Thermal Neutron Radiographic Examination [ S].

[9] Zou Yubin, Tang Guoyou, Xu Jianguo, et al. Experimental study
of fast neutron resonance radiography[ J]. Atomic Energy Science

and Technology, 2008, 42(S1): 1720. (in Chinese)

Zou Yubin, male, born in 1979. He majored in nuclear technology and applications, and got doctor degree

from Peking University in 2007. Mainly research on neutron imaging and applications, neutron transportation and

detection, digital imaging and image post-processing technique. He can be reached by E-mail; zouyubin@ pku.

edu. cn

Foundation item: supported by National Natural Science Foundation of China (No. 10735020; No. 10575006 )

Vol.7 No.4,Dec.2009 85



