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Time-resolved imaging:
Dynamic radiography/tomography

70 keV X-ray 25 meV neutron
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E=PmeY | Poisoned Decoupled| |Decoupled moderator(DM)

moderator (PM)

forhigh resolution

for balanced performance

Neutron Intensity (Log. scale)

— ~J -

- Adoption of Ag-In-Cd (AIC) alloy for high
decoupling energy at 1 eV

- optimized decouple coverage for lower pulse tail

- Adoption of Cd poison

4

0.0 Time [ms] 1.0

Coupled moderator (CM)

|

for high intensity
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- large & cylindrical

- wide angle beam extraction
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- Optimized for 100 %
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H. Sato et al., Phys. B 551 (2018) 452.
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Neutron detector
>

'L_) Neutron flight

time analyzer

| e

Trigger signal determining TOF =0 ( from accelerator )

LY 1(hY
m-—| =—|—
TOF 2m A4
m : Mass of neutron v : Velocity of neutron

L : Path Length from source to detector TR EBL\DT
TOF : Elapse time from neutron generation BRI cHIfITEASES

h : Plank’s constant A : Neutron wavelength

L

Fast neutrons

Slow neutrons
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Major reactions for
neutron conversion & detection

n + 3He (0.0001% / 5333 barn) = 3H + p
i \

Isotope abundance Thermal neutron absorption cross-section

n +Li (7.5% / 940 barn) 2 *H + a

n + 198 (20% / 3835 barn) = ‘Li + a

n + 195Gd (15% / 61100 barn) = 1°°Gd + y + e (IC)
n + 157Gd (16% / 259000 barn) = %8Gd + y + e (IC)
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Roger Pynn, Neutron Scattering - A Primer, Los Alamos National Laboratory
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Chnan 1024
LLD Throsh  1.00% F: LLD Thresh  1.00% FS
Fast Throsh Fast Throsh &

Pook Time  2.4us Pook Timo  2.4uS.
Gain 6769% o 6.769%
Gain Delta  Comrse Gain Delta  Coarse St
Preset Mode Aca Preset Mode Acq
Praset a0.0 e 1800
Accum Time 13000 Accum Time 130,00
Total Count Totsl Count 135832

Start Tima:
HNIET 13343
st

Board Temp 31

Boand Temo 30°C

Channel o | Com— [Gr—
Coert . o 8137
‘Aoquisition stopped... W Wouse UM Acquisition stopped... W Wnuse UM
Amptek DppMCA i | WRESET Amptek DppMCA
Ble Yew MCA Duslay Arches D¢ telp Sle Mew HCA Duploy Anchas D tep

N2

Do Al @m 78 SRR E &y FF

Co-60

EHFRE o HE & B o RlDwdlssfm 78

767

579

Board Temp 30°C

Boand Temp 33°C

Cursor Range Range
Channel o4 | Co— Channel 189 0 5
Count s o Count 53 o a3

‘Aoquisition stopped. W WinUse NUM  Acquisition stopped. B WinlsB NUM
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BaFrozVeviBIRNF—DORIIEHLR
(SNICKZRNDK-40(1.46 MeV)HIMAD)

1.4
%1.2
21.0
20.8
o6
(b
50.4
>0.2
0.0

Nuclide [Channel/ch [y-ray energy/ MeV

SHiRYER 84 0.511
Cs-137 109 0.662
Co-60 189 1.17
Na-22 206 1.275
Co-60 215 1.33

E (MeV) = 0.0063 ch - 0.019

50 100 150 200 250

Channel 100



Cs-137DYBANIM

100
3
o 10
>
© 1
>
')
0 0.1
€
o 0.01
@)
0.001

—Cs-137
—B.G.
A"“"‘“ —Net
i Ml
- ” “”’\\ "d 1 'uhum%_.1
0.0 1.Io 2.I0 3.0

y-ray energy / MeV
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Cs-137NYHBANIMV(RTEYE)

30 —Cs-137
A _B.G.
—Net

N
O1
|

N
o
|

=
o
|

Counts of y-ray / cps
H
O1

| 1 — *"%

0.0 0.2 0.4 0.6 0.8 1.0
y-ray energy / MeV

o Ol
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IR F— R REDET(
(ExcelD ) IVIN—2RWE=T719F5714%9)

Counts of y-ray / cps

3

N
O

DN
or O

=
)

0

o Ol

o Experimental
—Gaussian fitting

AE/E=7.77%
@ 0.67 MeV

xRJ WOLOLOLL

0.4 0.5 0.6 0.7 0.8 0.9 1.0

y-ray energy / MeV
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FIE-E1E7th
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ZEEHHEOYBRANIMVABEKERE

O MCAZAHWTHDOERAHDYERBRARINILE

AEL., 2RIE—YDE—IF

AIDFRILE

BAHEDo

¢ THRILXF—RIEMBEZANVTEREHABOYRT

RILF—ZEHTET D,

¢ _DHER ., ERICHEESN-MHEZEIRD

WFhEEZSNLD?
%4Cu 0.51 MeV
557n 1.11 MeV
195mpy 0.13 MeV
198AU 0.41 MeV

203Hg 0.28 MeV
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FiEFICEIAEDBHTHESNSMHGE

® NEFEIEMADFEhEFR:
¢ (1/cm?/s))
® PHFREMAIHRENT-FABICETENS
BEHED W R ELGZDHIRFRZDE:N
® TDRFRZDENMSIEEIEITR 6 (cm?)
O M TERFREDIIBEETER: 4 (1/s)

o FESTERIR G RERL, (s) 7 IHEBLf-EEZ T M
[CEEEIN S ETHEE:
oNo (L-exp(-it;)) (1/s)
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A E O EEDRRZELDETHEHI

—e—A(t) (1/s)

A(tl) = ¢N 6(1 - exp(— At ))
A(tz ) - A(tl )eXp (_ At, )

o =108(1/cm?/s) DHREFET
0.01 gD¥WALZELRAMZELLH
CIEEE Oyt FA D)5
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PR @ ZHELTHED

A(tl) =¢oNo (1_ exp(— Aty ))
A(tz): A(tl)exp (_ Mz)
o BHLI-YEDEX(30.06 g, TlE,. RFED
BN [XESLED?

o ML A—7 Y RIED R ML B TR -

6o = 9.865 X 1023(cm2)

O resonance =1.571X 10_21 (sz)
OERBKIEDEEER: 1=297%x10°(1/s)
@t S

o, S
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Cd71vR—ZH\ /=
g FREBAPIEFROMETE

® CAdI/I3—%fFTTHIFHIE, BPEFIYVEBEIRILXF—DIEFD
FEFREHTET HENTES,

o CAELDPHEFRMoCOPHEFREZZLSIFI, BpEFRNEH
TE%o

TN LILBLLLLLL LELBLLALLL LILELRLAL LIRLBLRLALLL g
! ! ! Motal 1 3
-------- elastic

................ inelastic |
......... capture B |

Cross Section (barns)

Jllllll 1 llllllll 1 ;llllul L
10* 10° 10® 107

1 llllllll 1 l]lllul 1 llllllll L1
0 10" 102 10°
Neutron Energy (eV)

Ll L 11l
102 10" 1

111



IEEL N HENED/=DICUREEE

O VIRBRHME (yYERIRIILT—KEEHY)
« VUFL—EA—DIENRDHEIEICIKF
¢ 2REBEBFDIRILF—IZIKIFEAEKRELLGLY,, (VR
UUOFL—A—IXETTRTHAIENZ LD T, EF
XIXFLVFL—E2—RATRAIYT T 5B, )

« BMICEARINP FHHMDOBECERLEZET OLED
L)O

® B E[FRIER H 3h =

O M RIUIEMNoDYIRIH F (1IRE (B)[ZD
S DT VRINBEHSNSEFIRSELY)
o WMAZEL
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FIEFR @ HDH>TLNIE, FIEFHEAD
TLRD N 2T DCEDTEA(TLREE)

A(tl) =¢oNo (1_ exp(— AL, ))
A(tz ) - A(tl )exp (_ AL, )

® RIEEHAEDT, o AlThHh-oTULVS,
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Lt oNo(1-exp(-At)) LDhH

dA(t):—/lA(t)Jr/lgpNG FHEASE (T A(0)=0

Q |
~—

» AlE—IE AMRERICKS—HIALYD
TR REDIBE

- HAUEZIH: MHBEIZES—EEYD
WETRE D & HN

* oNo: BaF0H 5T EE
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WA RE DR

o B TROEEDHZIICHEITHAHDBEIEE:
A(0) (1/s)

® T M, () AL f=EZ DR B DO U
BE: A(0)exp (-4t,) (1/s)

dA(t)
dt

=—AA(t) #EEHIZ t=0TA©O)

116



