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The Peking University Neutron Imaging Facility

WFRARCA T 2 R TS FA, AL, A e fes SR a9 MR AT 5 F)
T A Ao L) RBARM . BAT, KSR P TRMREHRLAETREET TR
Fl B b TR, SMTURESHFTEZRHRAEORT TR Am, AL
WALT, AMIAZRE AR AR R ZIRF 6+ TR (CANS) #9+ TR 48%
%,%ﬂﬁuﬁ%%&m,%éTuﬁwoié%ﬁé%K¢5W%$,%ﬂi
PR A RT fiEA

b k% EP%B”#EJ £ # (PKUNITY) &% F RFQ 4eig £ I8R50 49 B AR P T
B, BT AT KFRERPRTR. ZABZRT KEETEE TR Z6
Wb TRAREE, RAHITET 43T 88/ L SMAF FHEARN T R F R,
HERAT P FRF A, FAFT AL m R AP TRARE R T k.
RFQ ¥ TRAABEA, P TRMEE R F7 @ LA 403K

ZEIEAT—67%ARFQ mwik % (Table2.), @iTR-4M A~ 4 FF,
Wb F =M A 24%10Mn/se AR -F @ LM P FEEAEL/D A 50 B A
2.35x10%/cm?/s, #H L/D ¥ f& 25-200 &9 5C B A 238, 48R 69 n/ybizif & &
T 1x10"° n/em?/Sv, £ B Z A2 LT 45 2m & A9ALEF A 20cm>x20cm, o #
b8 F MK T 7%, Table 1.7 T PKUNITY #9 £ BH K 54

The method of neutron radiography has been widely used in many disciplines,
from materials research in physical, life and earth sciences to non-destructive
characterization of industrial components and artifacts of cultural heritage. Currently
most of the neutron radiography facilities are based on the reactor neutron source and
spallation neutron source, which can give intense neutron flux and high quality
neutron radiographs. However, in some cases people would like to have a neutron
radiography facility, which is based on a compact accelerator-driven neutron source
(CANS), and can be used on the spot or even can be movable. That means its size is
as small as possible, and its cost is as low as possible.

The Peking University Neutron Imaging Facility (PKUNIFTY), based on RFQ
accelerator-driven compact neutron source, has been constructed and commissioned at
Peking University. The project has built the first accelerator-based neutron
radiography facility in China, systematically carried out research on neutron radiation
detection methods for carbon/carbon composite materials, and realized neutron digital
imaging, and obtained preliminary results of engineering. It is innovative in neutron
radiography applicability research methods, RFQ neutron generator technology, and
the design of neutron radiography facility.

The device is based on a high-current RFQ accelerator (Table 2.). Neutrons are
generated via the deuteron-beryllium reaction with a fast neutron yield of 2.4x10!'n/s.
The thermal neutron flux on the imaging plane is 2.35% 10*n/cm?/s at a nominal L/D
ratio of 50, and the L/D ratio can be selectable over a range of 25-200. The
corresponding n/y ratio is close to or higher than 1% 10! n/cm?/Sv. The field of view
is 20cm <20 cm at 2m downstream of the collimator entrance aperture where the
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thermal neutron flux uniformity is better than 7%. The main technical parameters of
PKUNITY are listed in Table 1.
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Fig 1. Outline of PKUNITY

Table 1. Technical Parameters of PKUNIFTY

Technical data designed measured
Fast Neutron yield >101 n/s 24 x 10" n/s
s ; Y S G e 2.35 x 10* nfem?/s
Neutron flux at imaging plane | >10¢n/cm?/s (L/D=50)
Image dimension 20 cm % 20 cm 21 em x 21 em
Horiz: 0.33 mm
Camera resolution Better than 0.4 mm
Vert: 0.28 mm
Horiz: 0.13 mm
Imaging resolution Better than 0.2 mm
Vert: 0.11 mm
Dynamic range >80:1 195:1
Contrast sensitivity 5% 5%
Dose <2.5 uSv/h <0.5 uSv/h
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The PKUNIFTY consists of three subsystems.

(a) The accelerator (Fig 2.): the accelerator includes an ECR deuteron ion source,
a low energy beam transport (LEBT), a RFQ cavity and a high energy beam
transport (HEBT). It generates a deuteron beam at 2MeV with an average
current of 4mA.



(b) The target-moderator-reflector assembly (Fig 3.): the fast neutrons emitted
from the beryllium target are slowed down by the moderator medium. The
reflector around the moderator redirects some of the escaped fast neutrons
back to the moderator, thereby enhancing the eventual thermal neutron
intensity. A collimator facilitates a conduit for transporting the thermal
neutrons with a shaped beam profile toward the imaging station. The
shielding surrounding the target, moderator, and reflector capture and/or
absorb the neutrons and g-rays from escaping outside the assembly for
radiation protection of personnel and the environment as well as for realizing
a high signal-to-noise ratio in data collection

(c) The imaging system: it includes a scintillation screen that accepts the
transmitted neutrons and converts them into light, two mirrors to reflect the
light away from the neutron beam, and a lens and a cooled CCD camera for
imaging.
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Fig 2. The RFQ accelerator of PKUNIFTY



Table 2. Key parameters of the PKUNIFTY RFQ

Parameters Value
Frequency (MHz) 201.5
Output energy ( MeV) 2.0
Output peak current (mA) =40
Duty factor (%) 10
Injection energy (MeV) 0.05
Injection peak current {mA) 50
Inter-vane voltage (kV) 70
Average aperture radius (mm) 3.64
Minimum aperture radius (mm) 252
Maximum vane modulation 1.89
Synchrotron phase at exit () -273
Transmission efficiency (%) 93.0
Emittance of injection beam &,y normms (Tmm mrad) 02
Emittance of output beam & normrms (TMm mrad) 0.199
Emittance of output beam &y norm rms (Tmm mrad) 0.193
Emittance of output beam & norm (MeV deg) 0.134
Total cell number 195
Electrode length (cm) 269.5
Cavity diameter (cm) 30.0
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Fig 3. Experimental platform diagram.
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A copper lock, shown in Fig. 4(a), was tested in our experiments. Fig. 4(b) shows
its neutron radiograph, in which its inner structure can be seen clearly. Then we
inserted some lubricating oil, and the radiograph with oil is shown in Fig. 4(c), in
which the oil distribution can be recognized. Fig 5. Shows the neutron radiography
results of some other experiments.
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Fig 4. The photo and neutron radiographs of a copper lock. (a) photo, (b) neutron radiograph with oil, (c)
neutron radiograph with filled oil.

Fig 5. The neutron radiography results of other experiments.



