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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




Seamless Accumulation Function

1 2 16 1 2

igger | | | I I

18
Pearicd 20ms
Neutron
Intensity

2000

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

omber | ZZ 22 |
—_—-pam - mem—  —

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)
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Neutron color image intensifier

Short afterglow Ultimage TCN9100B nab
phosphor (TOSHIBA)
(Y,SiO5:Ce)
High resolution CMOS e : o
D8OOE (Nikon) ST View f;]eld. 9,7,5.5
max 7360x4912 pixels e
Input: B,C
B-10 >99.7%
High-speed gated image o VSO °
intensifier unit utput: Y,5105:Ce
C9547-02 MOD Decay Sus
ST\"” a;terglzév Gating function
phosphor : .
(HAMAMATSU) Spatial Resolution:

<30 um

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



HRET, BRI, BRHRE

100,000 fps
(10us)

7

320 x 240 pixel

9% 183x 137 mm
[572um]

9.5"7 112 x 84 mm
[349um]

30,000 fps
(33.3us)

o

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
[169um]
99 Xx 99 mm
[103um]
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Camera Head Image Processing Unit
— Image Accumulator
L'T [ e
PGA rigger = Mfg%ry
Fast Optical
P/IS C | Sianal 1 Fast Image
= = ){ E/OC it e - Signal
FPGA
16GB/s 50m OEC —>{ Ace
- 10Gbps
Image Sensor
] CPU
FPGA <
| |
| RAID Controller
! PC
- 2TB SSD




AIEG  (Fe & B,C)

TOF(ms)

4 CompShade (V) = B

80269 (CompShadeCompDarkResult_80); 512x512 pixels; 32-bit, 295M8

ROIRDAARY kL

He SR 7‘5:‘{’7“ TOF B EE -
Iv[A] [us] [us]

X 1.66 2380 2299 -81
@) 1.81 2600 2699 99
O 2.03 2910 2999 89
@) 2.34 3360 3465 105
@) 2.87 4110 4231 121
O 405 5820 5929 109
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Neutron ransmission

65% I I I
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Neutron wavelength / nm
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Neutron Image Intensifier

Test Sample

Neutron Beam

1. 1. |
C9100-02 8 |
BREENT—CCDAAS
|

|

CCD Camera

|
|
FEFI. 1. |
Ny NaVEEwA Photo Image Intensifier :
|
i

RZ: IK-TF2
129—-1—X
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CO100-02 5EEyE | ‘e—
. CCD Camera

Photo Image Intensifier

Neutron Image Intensifier

)
-/

Lens

Mirror
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TRdEN RIARIC & BHRREERE

SUM_CompSub

427320 Inches (G40x480); 32-hit 1. 2MB

NHBENWRRD AP —42 (120008 B H)

SUM_CompSuh (400%) -
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640x480 pixels, 32-bit; 1.2MB
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BLO8 SuperHRPD -, || f BLO6 VIN ROSE
BLO9 SPICA x.\ﬂ / 7 BLO5 NOP
BL10 NOBORU - 1 / BLO4 ANNRI
BL11 PLANET — -7/57"“1—.-5;03 iBIX
BL12 HRC  BLO2 nnlm}
w

{1 s
Proton beamllne . - hd |

L J <>
BL14 AMATERAS f’

BL16 SOFIA - ZBL19 TAKUMI

BL15TAIHAH
J-PARC MLF@%%%%E \

CM  Coupled moderator DM Decoupled moderator m Poisoned moderator
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70 Vi 71 Lk
1 Faﬁ ﬁﬁq: Hb@ﬂ&% Neutron color image intensifier
Ultimage TCN9100B nab
'y \ Pulsed
N—IIO)EE}U( 200|Jm I : Neutron
High-speed gated - | |5
— i Image intensifier unit -
HXZ 5.5in  100kfps age intensifier un
(HAMAMATSU)

320x240E%= 350um
Integration system

High-speed camera o

e JI.I. (MCPHAN)CLBFDIEND MEMRECAM ST-821-HX
° I/\/Z%_CEEL/é(i'\'\JU' (nac image technology) PC

. o
[ EAOEFNETHE
» [ SERSRIE T SRR J

S > 350 um

FEARRALIE > 80um,
1280X960 R
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S S
10 >15
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Number of pixels Number of pixels
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P A A=  THEECHe A AEH)
AT 100 x 100 mm
PR e ~0.1 mm
Hfj'(_-l'¥5($. ~ 1 MHz

100 kfps. 320x240 E . A% 112 x 84 mm?2, 1[E3: 350 ym#A

17— LTUIBTEA MBS
RE: FHDOESAOEEZ2SEHREL. BERBDI1WNIER THSE

ITAHE(FEH50x50 EZEPRIZSXx5DEMR). BRI
n =(320 x 240) x 0.01 /25 = 31

100kfps THHD T, 1 EICANIETELEHFESE N (&,
N =10°x31=3.1 Mcps

AEDBERIGENIBNTEEELT.,
EZ=HE 1280 x 960 EFE

T EEREX 1/4 [CRESNSHELT, 88 ym &% 5,

- REMHAE P24 & ... @ BB m
- ] H L il nm 1 &#é‘_;‘.," " ST
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mmm
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BIEII ST ML BRI

KU RR- LI NAC .

Energy ~ 30 MeV
Width:100 ns, Frequency:250 Hz, Current:~80pA
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86, 056103 (2015)



http://www.kyuden.co.jp/nuclear_pluthermal_qa_08.html
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2000 |
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N-DeMAIN
AtE% : mA-PMT %{ER > BRHA+5
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N-DeMAIN

AX/4(Sub-pixel)

Reconstruction
calculation

32x32 pixel(4 x4 images) 128128 pixel
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a MAIN

1. Dark Correction

Test Object / Shading Image Dark Current
2. ML-EM Method Reconstruction for gettlng Super resolution

lyl
k1 = j

J -1
= CL} = Z Ctmxm

3. Shading Correction

Test Object Image Shading Image (Theoretical value)
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input —
his‘tryl = 10 s—

20

1.1

10F
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It

009}
=
§osf
r=hd
8

Sos
Fos

04F

0.3

10 15
Pixel Number
Lme proflle of X-ray images

5

O
I

Input Image
Result Image

0.10
0.05 X1 .5 (MTF=0.035 line 1
0.00 L L ! L 1

2 25 3 3.5 4 45 5

Spatial Frequency [LP/mm]
MTF of Line Pair that 3 lines has was confirmed

Bi& CCDAXS

Line Pair Chart for X-ray,
and Pb shield

Result Image
Sorce:RIX-59(focal dimension:100 pm)

1 Result image had reconstructed
4 by 16 images(157 um/pixel — 38 um/pixel).

| Spatial resolution of reconstructed

image had improved to 0.67 times.
(MTF = 0.035 line)
This method is expected
to improve spatial resolution
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12 L] ] 1 | 11

gy v-oue
1.1 1.0 —
| 1,
1.0 Cd line 0.9 %
ol obesered /fla;é l
Z /}—1 —— 2
0.8} = 1078 Detect Neutron Image

Transmittance
o

Duty Rate [%]

o
~
| |
o
(0)]

input —— ,j' - YBR'  F50% 33%25"
histry = 10  s— (Y i T
0.6 : 0.5 B
0 15 20 E o
Pixel Number et
Line profile of neutron images £
o g
GEM 1Rtz '
Ax : 0.8 mm - i " |
Result image reconstructed by 4 images cd Line Palr Chart

(0.8 mm/pixel — 0.4 mm/pixel)

using thermal neutrons

HIE LS I NE 3 lines became 4 lines by reconstruction result
% R in the 0.5 mm Cd Line pairs(duty ratio : 33%)
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