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Pulsed Neutron Transmission Spectroscopic
Radiography System at HUNS

Moderator
(liquid hydrogen)

Electron beam

LINAC

Flying Range 8m

Trigger pulse

Trigger
control
system

High-speed CMOS camera system
for pulsed neutron transmission
spectroscopic ra\d|ography i e

\

Optical Link

Sample

Frame integration
unit and PC
for data recording

Trigger pulse "_I

Trigger pulse




New Image Intensifier for Pulsed Neutron
Radiography

TCN9100B
(Made by Toshiba)

View field: 9, 7, 5.5 inch

Input: B,C
B-10 >99.7%
Output: Y,SIO::Ce
Decay Sus
Gating function

Spatial Resolution:
<30 pm



Configuration of Neutron Image Intensifier and
Cameras

Neutron color image intensifier
Ultimage TCN9100B nab

(TOSHIBA) Short afterglow
T phosphor
High resolution CMOS s (Y,SiO5:Ce)
D800E (Nikon) QYilE - |
max 7360x4912 pixels

High-speed gated image
intensifier unit
C9547-02 MOD
Short afterglow
phosphor P46
(HAMAMATSU)

High-frame-rate Camera MEMRECAM ST-821-HX
(NAC Image Technology)



Time Resolution, View Field and Spatial
Resolution for Three Applications

Resonance Absorption

Imaging Bragg Edge Imaging
< >< > Resonance | grooe Eqge | Magnetic
1000 eV 10 eV 0.1eV 0.001ev| Mode Absorp_tlon Imgaggingg lmgaging
- : Imaging
2 ——)
% | Magnetic Imaging _ c Low Low
) A TkeV-1eV {1eV <0.1eV
g /M/‘//I/E
0.023 0.23 23 23 | AT 10u s Bus 100 s
/secicm?] Flight Time [ms]
>
=g < —— Area | 183x 137 | 162x 162 | 162x 162
%z [mm] 112x 84 99 x 99 99 x 99
c<
% I 572 4 m 316 um 169 u
m
& O'< <>\ | AX | agum 19314 m 1031 m
0.023 0.23 2.3 23’

Flight Time [ms]



View Field, Pixel Number and Pixel Resolution

100,000 fps
(10us)

320 x 240 pixel

9 183x 137 mm
[572um]

5.5 112 x84 mm
[349um]

30,000 fps
(33.3us)

512 x 512 pixel

162 x 162 mm
[316um]
99 x 99 mm
[193um]

10,000 fps
(100us)

960 x 960 pixel

162 x 162 mm
[1691um]
99 x 99 mm
[103um]



Frame Configuration

| 1 Period of HUNS 20ms 2
L-Trigger I I
Neutron ‘W
Intensity

L-Trigger Delay
0 —100us
[ 0.1us step ]

99999999

eI AL

In case of 100 kfps (frame period 10us)
320 x 240 pixel 2,000 frames/pulse




Seamless Accumulation Function

1 2 16 1 2

igger | L | I I

18
Pericd 20ms
Neutron
Intensity

1234,..., .. .. 2000 1234,... .. .. 2000 1234,...,.. ... 2000 1234,...,.. ... 2000

omber | | 22 |
C——————————————  ——

In case of 100 kfps (frame period 10us) Seamless
320 x240 pixel , 2,000 frames/pulse Accumulation

Pulse Number of Accumulation : N,=16, 64, 256, 1024, 4096
Accumulated Data per each frame 12bit x N, = 16 bit ~ 24bit
Data File : 2000 frame x (16 bit ~ 24 bit)




High-Frame-Rate Camera System

Camera Head

—>

FPGA
P/SC

Image Sensor

E/OC

Image Processing Unit

Image Accumulator

L-Trigger = Memory
Fast Optical 1 E'B
Image Signal s Y Fast Image
Signal
FPGA
16GB/s  50m OEC —>{
Al 1GB/s
] CPU
FPGA <
I—
| RAID Controller
! PC

2TB SSD




Accumulation Time and Recording Period

320x240 pixel, 100k fps (10us), 2000frame/pulse

Acc. | Data Acc.
Time |Length Period File Data Rate Recording Period for
Volume 2TByte Memory
[pulse] | [bit] | [s] | [min] | [Gbit] | [Mbit/s] [MByte/s]| [min] [hr]
16 16 | 0.64 001 | 476 | 7617 952 37 0.6
64 18 | 256 | 0.04 | 5.36 2142 268 131 2.3
256 20 1024 | 017 | 595 595 74 470 7.8
1024 | 22 |4096| 0.68 | 6.55 164 20 1709 28.5
4096 24 |163.84/ 2.73 | 7.14 45 5.6 6265 1044




Accumulation Time and Recording Period

10 kfps (100us, 200f)

fooumda| o 100 kfps (10us, 20001) | 30 kfps (33.3us, 600f)
T_i?noens Length F;etlr(::d File Tr[a):;er Rechding File Tr[a)::er Reclording File Tr[a);:?er Recgrding
Volume| p... | Tme |Volme| o | Tme |Volume| o | Time

[Pulse] | [bt] | [s] | [Ghit] [MByte/s]] [hr] | [Gbit) |[MByte/s]| [hr] | [Ght] |[MByte/s]| [n]
16 16 032] 238 95215 061 234 93750 062 275 109863 0.3
64| 18| 128] 268 26779 218 264 26367 221] 309 30899 1.9
200 200 a1 298| 7439 183 293 1324 79| 43| 8383| 6.7
1024 22| 2048 327| 2046| 2848 322| 2014| 2892 378| 2360 2468
409 | 24| 81921 3a7| 968 | 10442( 352 549 | 106.00( 412 644| 90.49




X-Ray Test with Neutron Image Intensifier

and Nikon D80OE

X-ray source
8um, 50 kV,
160pA

Camera D800OE
1ISO100,
shutter speed 10s

5.5 inch 5 LP/mm



X-Ray Test with Neutron Image Intensifier,
Photon Image Intensifier and




X-Ray High Resolution Image by Nikon DS800OE

Photon Image Intensifier
C9547-02MOD-06

Input : GaAsP (280 — 720 nm)
Output : P46

480 — 670 nm, peak 530 nm
Decay time : ~300 ns (10%)
Resolution : 450 TV line



Spatial resolution of high-frame-camera

MEMRECAM ST-821-HX Optical
e -, Sl P O
- e l”” K
B e L2 [lLd flus l !

- ==

" (c) 30 kfps
(d) 10 kfps 512 x 512 pixel
960 x 960 pixel

(a) 960 x 960 pixel

(b) 100 kfps 320 x 240 pixel




X-Ray Test with Neutron Image Intensifier, Photon
Image Intensifier and

S— \ / R High-Frame
S > -Rate Camera
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Software Image Processing

Test object image

— (@) Offset Subtraction @ —@ Offset Subtraction



Software Image Processing

Processed image

5.5 1Inch

30kfps

512 x 512 pixel
Acc. 4096 frames

Test object image Shading image

1)—(®) Offset Subtraction @) —@ Offset Subtraction



View Field

100kfps 30kfps 10kfps
124 x 84 mm 99 x 99 mm 99 x 99 mm
320 x 240pixel 512 x 512 pixel 960 x 960 pixel

5.5Inch Acc. 4096 frames



Pixel Resolution

100kfps

320 x 240 pixel
112 x 84 mm

[ 349um ]

30kfps

512 x 512 pixel
99 Xx 99 mm
[193um ]

5.51nch
Acc. 4096 frames

10kfps 960 x 960 pixel
99 x 99 mm [ 103um ]




Step Wedge

Alu m‘iln um po|yyy|ene

- _.--i

Glass

5.5inch 30kfps (512 x 512 pixel) Acc. 4096 frames



HUNS Pulse Neutron Experiment

Thermal Neutron Source

Nikon DS0OE

5.5 Inch Pb filter: 17mm

Exposure:6min 1SO:400 8 times
With shading correction



HUNS Pulse Neutron Experiment

”(- 61-63 Frame ') x20 61 Frame
Exposure 8.19 s Exposure 0.14 s
9 inch 30kfps (512 x 512) Acc.4096 frames x 20 folders (=27min)



1.E+06

Bragg Edge Experiment
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PC Display Xray
10 kfps 960 x 960 pixel
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Pre-processing by System PC
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Pre-processing by System PC

30 kfps

Neutron

512 x 512 pixel
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