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COMPACT NEUTRON SYSTEMS

at RIKEN: RANS-1, -1,

-l& m

A Inoperation, RANSand RANS - _

/" ERANS = RANS-II .

2.49MeV proton
Li target 100> ! Pulse

/

7MeV proton
Be targetl00> !Pulse

- Up-grade of moderator
reflector system 2022021
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Cooperation, collaboration

. HBS, HCANSCooperation
‘ ’ J U Ll c H Joint WSICNSRIKEN, every yeaince2017 Hokkaido Univ.HUNS
Forschungszentrum  Re®archerexchange Dr.Paulakalek 2022Dr.S.lkeda 50 Ay '
202%. Akitadniv:
Tohoku
Univ.

O

CANS project at

[phée CEA Kanazawa Ibaraki Univ. }JPARCIAEA
O Laboratoire Léon Brillouin Tottorl Un|v Unlv N”\ S$ AISTAISTANS

Osaka Nagoya | RANS —
Unli%/, Univ. : _

- A Qihogong YOt‘quAN%_ Nihon Univ.

Universit Univ. okyoCity

y . .
KUANS  Univ. WasedaJniv.
TokyoUniv.

Every yeaPh.Dstudents
study at RANS since 2014.
Ph.Dfrom XJTUDr.M.Yan

at RANS for 5 years Companies: more than 20
Iron and steel companies, Highway, Railway,
YR a2 2y X®
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Solving problems in large facilities
concerning issues of a few chances for non -

destructive test users, and few occasion for
a new trial experiments with neutrons
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RIKEN RANS Development
Compact neutror: for practical use !
neutrons, anytime, anywhere
Source and instrumentation are
relationship

The development purpose
P purp in order to respond tio tihe meeds!NNew aelds

FStandard Modeb of nowdestructive itest-as evaluatiomanalyzer

Neutron Source
development

Instruments: design, analytic

RANS. RANE RASII methodsshould be

(Acceleratobased)
RANS oOowlLDO

UCANS10 Y.OTAKEZ RANS



on -site use
EX. iron and steel:

non-destructive test,
development of materialengineeringdiffraction

|.  Non-destructive test: transmission imaging for such large area as
10cm2 wi t h résdudidnm m

II. Material development towards high strength -formalbility for
weight reduction

l. volume fraction evaluation

Steel parts and tensile strength for a

car body. High strength-formability

=>» Weight reducing

[I. texture evolution estimation

Mild steel
S5

« \o@p

Cracking Springback

Strength (MPa) .. >
B Mildsteel <G-i 1t
BN 340~370 >

I 440~590

strengthened stee

Low Formability High

Low Tensile strength High

http://www.nssmc.com/tech/nssmc_tech/car/car_01/index.html
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Salt damage>bridgesccollapse

the construction
Pennsylvania. Rebar
corrosionbecause ofnt
freezing agent

From Pittsburg PostGazette

Dec. 2005 , 45 years aftel

Initial construction failure

[ CanadaCollapse of @ortion of de la Concorde Overpass
S Sept, 2006, 35 years after construction,

ot

Montreal
Initial construction failure
Y ° EthBuodGe 149

\

/

Message from Dr. Banthia to Japanese researchers:

The novel nordestructive test methods such agay, electromagnetic induction method,

elastic wave method. © o w" p3x AxEpEu>KA Ex HQt[ 6" Epps. EPJ ,2008.12

o

FromMr. R.Ooishi (Institute Public Work)

/Ili - Moradilbride lapsepse  Taiwaniblidgécollapsepsel Oct.
p(141Augg P Salttddmagege 209 —_—
= T

Vigili del Fuoco/AFI'
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1. Lower radiation level during operation

2. Easy to operate, and easy and safe for maintenance

3. Good S/N measurements  for quantitative analysis ( No powerful source,
but proper technology for compact source including shielding design, pulse

structure, etc. )

4. As few as possible of activation products

Onsite non-destructive test Onsi ] _
Floorstandingtype n-site non-destructive test
Transportable type
Neutron

t -ray, Electron,
SEM;TEM,EBSD

RANS>
NeutronSaltmeter

'é‘r RANSI I\/.I»ODEL RANSII MODEL >
\_ 7 CZRANS-Il /| ERANs-Il §TISe
UCANS10 Y.OTAKEZ S
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The mostisuitable/neutron productioniimterms«fins of
highh neutronn yield and stablelc oeration), we:havec
chosen the: °Bee (1.0 X reantpn foreRalest l'Li(gurm»fﬁzlirb
RANS-II!

1. Highrefficieneyandind smalll! systerm includihgshiglding ing-
-> accelerated:d iembeamenergy-ay shoulddbée lesssthand2MeV eV

bieStdzil INRaytardEdfpdzEon dnt G NBSG LR aAdAzy n-

-10'%/sec for RANS RANSI 10t /5ec (forward)

LF p,r smalll sysien=>Proton or deuteron E> 2 MeV
Be p,n* | | few activation waste proton Energy<12MeV

LE d,nx Higher energy proton beam
Be d,nx

Target: W, Ta, etc.

Please refeHBS report from JCN
Be 1 X )/ Electron > 30MeV is needed, too
Pl + Xy — high energy for compact source

T + X y' Easy to operate

A Nuclear fusion
DD neutron tube: too small amount
DT: neutron energy is too high, and Tritium is faetarablefor compact source

ucansio S RANS 9




Neutron vyield curves of right elements
with low energy charged particle injection

M.R. Hawkesworth , Atomic Energy Review 15(1977)169 -220
1010 ° =T = Yn=9. 82E+9 Y(Ep) = 342 x 10%(E, — 1.87)2% (n/uC)
l: = s f I
® .= RANS:/7 MeV proton
) e
CETE = IRA S Be target
c ] I 1012 neutron/s
- 1 |
S 10 : | RANSII:2.5 MeV
SN ]
c E | proton
% . [ Li target
< i ] 101! neutron/s
S 107 I
e - -
. Deuteron low energy nuclear reaction with
. I pBelLiP
] I It is possible to make the high
10 production of the neutron with
: | - J low energy beam, but, the
0O 1 2 3 4 5 6 7 activation of the
accelerator Z difficult for
Energy (MeV) maintenance
** C.M. Lavelle, et al, Nuclear Instruments and Methods in Physics Research A 587 (2008) 324 2341 Technical difficulty of the target

lifetime
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Imaging experiments special resolution, 0.5mm, 0.2rmm}-destructive test
Diffraction, iron steel samples, residualsienite phase fraction
maay Neutron Activation Analysis, PGNAA, elemental analysis

Phase contrast imaging with Tohoku Univ. Prof. A. Momose
Polarized neutron experiment for fundamental physics, with Nislkeerater, Tohoku Univ. Kyushuniv.

©O~NOGOhAWNE

©

Neutron -ray irradiation application:
1. Food: space applicatiorPfof.M.Hatsudaet al)
2. Neutron detectors using solar cell®(.Okunq et al)
3. others

UCANS10 Y.OTAKEZ RANS 11




Majon parametersiof RANSIS ~ F5"RANS
= RANS

compact Neutron Sources
1.Protan MeVe100 0 0Mu/A (maxxaw)y. ) Dailljywusee

Ra | ~ o H B _ 2012 7MeV protorinacwas installedAccsy<o.)
Be ((p;n)reaotbon 3B€E)r YWiamgaga)a) 2013 Operation starts with fast and thermal neutrc
ANeutron max total flux 1012/sec

A 7MeV 100> !70w

A Pulse condition ‘!j‘?‘f

A 10-m y n pulse width }
e

. Choose them under the
A 20-180Hzrepetition rat O2VRAUAZY mM®o i
2.compact and low cost

proton linac: in our case less than €21 =2*10"8 yen=2 million US$
shielding design  Mmuttilayer shielding of target station

. MeV' m n n">Rf power supply.: 350kW(peak) duty 1.3%,Electric power peadOkVA, Cooling
water® 75L/min pulse width (30" 200>s)repetition frequency 20 180HzZRF power425MHz,
Injection energy0.033.5MeV 12

UCANS10
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M amg%aammre Of RANS\ S-1l]  Acc.or.okamurage

9:00- keynote

— | RA N S - I I T.KobayashB.lkedzt al
e development and umgrade

1.Protan 2,49NMeV 4001 0 0"Mui/A (maxxaw). )

MH z 20142.5 MeV Protorinacplan discussion with
Prof.N.Hayashizakif TITECH

Li ((pyn)reaction: Lilk IQ@QQI({@QV@F@G(M@"N 2015Prof.Hayashizakilime Co., RIKEN design discu
ANeutron max total flux ‘ .

~10Ysec

A 2.5 MeV 100 !sow

A Pulse condition
I pulse width ’

I repetition rate *Hz~1kHz ‘r 4
under the condition == =
0do 2 Rdzies wmn
2.compact and low cost

UCANS10
Y OTAKE = RANS

Li target
W|th shielding(3.5t)




= RANS

b)

Typical Neutron Spectra for p -Be and p -Li with
respective proton energy of 7 MeV and 2.5 MeV

= RANS-II

Thermal moderator: PE
Cold moderator: Mesitylene

" Reflector: Graphite, and PE

Neutron flux[n/s/cm*/100pA]

Spectrum 1.5m from targetrarget station exit)

106 0
Moderator cm
thickness "7
10° ST
104 i
1 i
i Without
: PE
10 Moderator
102 MeV eV keV MeV
1.E-09 1.E-06 1.E-03 1.E+00

Neutron Energy

UCANS10 Y.OTAKEZE RANS

[MeV]

flux [n/em?/s @ 100pA]

Without moderator ,
or thermal moderator(PE)
Reflector: PE

Entries 654963 | Neutron w/o moderator, w/o collimator
5 Integral 4.088e+06
10° =
10° £ ‘ 4.!*“”“
i | M’W‘{'ﬂ"“
: “ﬁwwﬂi :|
y WM*WMI ! "»
3 \ WMWM A
10° = M »WWWMM
- w Without Moderator
10° r.w
10
-10 -8 -6 4 -2 0
log E, [MeV]
Neutron Energy 14
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Upgrade of RANS
from 2021 with new
Cold moderator.,

reflector

Yujiro IKEDA, Makoto Teshigawara (J-PARC),
Y.Wakabayashi , A.Taketani , M.Mizuta , ,,,(RIKEN)

Optimization simulation:  Baolong Ma (XJTU), Mingfei.Yan
(XJTU), T.Hashiguchi ,

UCANS10 Y.OTAKEZ RANS 15



RANS Reformation for cryogenic cold neutron moderat

system with a plug

" Purpose: More neutron intensity

" Add (Change) the materials, and size of reflector
" New system to change the thermal to cold moderat
and target

Mesjtylene  Graphite

Graphite
Cold moderator Reflecto

Vl

Refrigerato
;

Proton beam

h— Pb Shield

| <& 3030 '
I
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Prof. Yujiro IKEDA et

Moderator viewed surface image through 1cm1cmpinhole
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® Total

B Central
A OQuter

20 10
2015 <10 5
X[bm]

5 1 15 20

2000
7000
6000
5000

- 4000

3000

2000

5

N T B

22015 <10 50
X[em]

pre-moderator PE

nam
5 10 15 20

Flux@cm?/s/eV/100A)
b S
¢
s

ImeV<En<10meV

1000 .
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Pinhole

is placed behind

10meV<En<200meV cold moderator

180 12:00
New reflector material

Set-up of cold neutron source at RANS development

Muramatsu, Prof. Yujiro
IKEDA et al.

17




Examples of
CANS applications
from typical RANS and
RANS- I results.

UCANS10 Y.OTAKEZ RANS 18 Sk



Visualization of bonding interface and

Joints of multi -material structural

materials

NEDO/ISMA project with NIMS and AISTAN:

To evaluatethe bonding interface and joints of multi -material structural materials.
Quantitative observation of water penetration into the bonding interface wasachieved
We have also obtained a technique for observing the state of the bonding area

regardlessof the bonding material.
Rivet and adhesive connection

Aluminum
rivet
connection

Water hicknesg[mm]
5 s ¢
b

e e ==

ERANS

UCANS10 Y.OTAK
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— RANS imaging

Steel

Aluminum

Dr.A.TaketaniDr.Naito
(NIMS), and Takahashi
( Kobe steel) biSMA
project

Visualization of
air hole

thinner part

v
JB*L%EQ?"’?

2 RANS

YT ILAHE

WBONB=ERAASRTVTOMN

wwwwwww

!!!!!




1. volume fraction evaluation
2. texture evolution estimation

Steetl) p;rts and tensile strength for a High strength-formability
S =» Weight reducing

A
2
- Mild steel
=y
E Low alloy's
©
£
Strength (MPa) o5, & kS -
BN Mild steel “G-% Precipitation= ==
BN 340~370 = strengthened'ste
BN 440~590 3
780~980 o J
o it . .
HeoTe Low Tensile strength High

http://www.nssmc.com/tech/nssmc_tech/car/car_01/index.html
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Intensity, a.u.

,® L1SRIF Si
a2 dz2NDS
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Institute steel-andrironzlapan-Research
Groupactivityw H #swmM ¢ B X
Nippon Steel & Sumitomo Metal Co. JFE
Steel, Kobe steel, Daido steel

m ;aréefétatlbn

For Iower background, shleldlnc

Wavelength A [nm]

lllIlJIIIIllIIJlL

I|I
014 016 0.18 02 022

Lattice spacing d [nm]

- f ®Y &t NP & LIS O (-ba3ed melitdorLILI A OF { A
G2 yS dzu NREY Sy 3iySSABBIRALE)pHEIETF NI
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retainedUStENitBvaluation TR2 Full angle (300 min)

3000 « Measured data S
Contrelledsamplesproduced —Rietveld fit s Y B C Qeaks
2000 —Background FCC deaks
= TR2 full ahgle(300min,
5 Seq T current32¢gA)
9mmi 10mmi 9.5mm . z 1000 e
£
- e 0 .
Austenite 13.1% g Wy o [ Ferite
c
— -1000 — e
PAR T k ml . Difference
J C Takumi:3.9 00

0.0 0.5 1.0 1.5 2.0 2.5
Lattice spacing /A

The result of measurement during uniaxial rotation (30 min) for round
robin sample is consistent with J-PARC measurement within 1%

-> Compact source has high potential to use on-site

Y.lkedeet al, Tetsu to Haganel.104, No.3(2018) pp.184
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Slress measurement

A Strong demand from industryshouldinternal stressneasurement
and stress evaluation h@ossible on site?

A Current situation:
A only nearsurface stress measurement results are available usimys
A Low resolution with CANS (Compact accelerdioven neutron systems)

Successful development of a method tacreas
resolution without much loss of strength.

I Sol ved f r o@)hdrdwardhand (B) software perspectives
(A) _decoupled collimator (NOT Decoupled moderator)

(B) de - convolution analytical method

-> higher resolution and intensity

Stresses can now be measured ud &) MPa for practicallselevant steel materials in RANS

UCANS10 Y.OTAKEZ RANS



Slress measurement

‘ Stresses can now be measured ug &) MPa for practicallselevant steel materials in RAN

(A)_Decoupled collimator system -
é 2000 222 @: Decoupled collimator
= 1800 211 O: without collimator
< 321 x: Polyethylene collimator
g 1600 310

Sample 2 1400

1 8 1200
1 . 1000

800

600 =, 5 %% o8
400
L&

L e ST > g Moy Fiamal
1 15 2 25 3 35 4 5 55 6

=RANS Deconvolution of delayed neutron comFeféists: ™’
-> diffraction components peak fit

(BYe-convolution analytical method

F(t)

VBT e | = [ range -
[ ETE S e o g

(- — (& + a°B)

—=7ce Neutronintensity doubled and

i() ~ | sharpness increased by 30%

o Ls(50) @ | Sress measurement of arount30MPa
can be measured.

UCANS10 Y.OTAKEZ RANS

= Aexp(—pt) erfc (
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To have much lower q, Mesh Type Multipinhole 9x9

UCANS10 Y.OTAKEZ RANS



@ RIKEN RANS = l  H

~~—_ . Converging Beam Device: Muliinholes 5x5 &
 (9x9)

Countlng EfflClency 1/1000 1/40

) BT
i ',.l.:\: !%'Q' & ¥ Dl

- e \G b £ "‘/

R

2017-140192
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Small Angle Neutron Scattering experiment with RA

107 % % N

E_1_1

10
i 3 Red circles by ibSANS (1 hr)

c
9
©
@
0p)
)
D~
o
O &
o O . .
c ~ Black line by IMATERIA (0.2 hr)
§= (L
50
23
g c [
= =
o
e 101 -
= '1:2{!":@?@
(1) Smaltangle (2) Low-angle
10_2 o o Detector | Detector
I
0.001 0.01 0.1 1
Wave number g (A

Y
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system:

= RANS-II

" StandardModel of stational, floor standingcompact neutron

Mirrotron (company) has RANIS (more power) model
Proto-type of transportable compact neutron systems

Power Neutron | Target ST Beamline | Neutron @ sample| Acce
LINAC Yield shielding position Duty
Bl @target
el | RANS | 102ns! | Volume ~ 1.5m *10P n cm2 st RANS
e | /MeV 8m?3 1.3%
e = | 700W weight 23ton | 5m *104 n cm2st (RF Dutgycle)
Li target
e e RANSI [ <100 st | V~1nd 0.5m  |*10%10°ncm2s! | RANgI
2.49MeV W~ 3.5ton 3%
250W 1.5m *104n cm2 sl (RF Dutygycle)

UCANS10 Y.OTAKEZ RANS
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The RANS -1l model, now here In
Hungary!

UCANSO9 these pictures were presented. Photo fromProf.Dr.F.MezdWlarch 2022

Mirrotron, near Budapest

UCAN‘Slo Y.OTAKEZ RANS



e>bridgesccollapse

Dec. 2005 , 45 years aftel
the construction
Pennsylvania. Rebar
corrosionbecause ofint
freezing agent

Initial construction failure

[ CanadaCollapse of @ortion of de la Concorde Overpass
g oA Sept, 2006, 35 years after construction,

Montreal
Initial construction failure
Y ° EthBuodGe 149

\

Message from Dr. Banthia to Japanese researchers:

elastic wave method. © o w" p3x AxEpEu>KA Ex HQt[ 6" Epps. EPJ ,2008.12

/

From Pittsburg PostGazette

The novel nordestructive test methods such agay, electromagnetic induction method,

FromMr. R.Ooishi (Institute Public Work)

o

/Il - Maragdilbridge

llapSepse ,

Taiwanrbridgecollapsepsel  Oct.

Vigili del Fuoco/AFI'
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incident neutrons incident neutrons o
n n n n n n »n n '
o < o o o o o o

|
e

iC

Comparison with normal transmission imaging set-up and
the reflection (back-scattered neutron) image method for infrastructure
(left), and the vision of future on-site use with a compact neutron source

(right).

UCANS10 Y.OTAKEZ RANS



Back scattered imaging
=Scattered imaging

Enerqy to detect Timing to detect
E<150 meV V s
z 2
e ~ar %’1.8 :/\_ —negtron— ‘
4//.,.,_/»/ ‘\-\,\_\_\\ E :2 /“'13_’ =T \._;\}'_\‘\4gr
e | ﬂ td |_ .............. A o . T T ﬂ td T l\Aay ywvaw
; reflecte : é o (a) water \ ! reflecte (b) void
o = . ____________
=08 .
I e
= 04 ' ..\.,..MW
< > é 0.2
o PR SN N TN WO TN NN TN S S (N SO ST S SO ST ST T NS N
e q) 0.2 0.4 0.6 0.8 1 1.2

Detection time on sample surface (ms)

Fast neutron is inserted 100keV~*MeV) injected

Select theliming, andthe energyaccording tahe materialsto be
visualized Water, airgap, rebar,
Myvater, or air hole (gap) in the second layer '

Get 2D nordestructive imaging under the first layer
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