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COMPACT NEUTRON SYSTEMS
at RIKEN: RANS-I, - II, - III & m

ᾁ Ṁ

Under 
development
S.Ikeda (poster 1) 

Å In operation, RANS and RANS -II 

Up-grade of moderator-
reflector system 2020-2021
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7MeV proton
Be target 100˃ ! Pulse

2.49MeV proton
Li target  100˃ !  Pulse



Cooperation, collaboration
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Hokkaido Univ. HUNS  
50 anniv.

Tohoku
Univ.

Ibaraki Univ. J-PARC, JAEAKanazawa 
Univ.

Tokyo City 
Univ.

Nihon  Univ.

Nagoya 
Univ.
NUANS

Waseda Univ.

Tottori Univ.

Kyoto 
Univ.
KUANS

Osaka 
Univ.

Tokyo Univ.

Akita Univ.

·ƛΩŀƴ Jiaotong
University

Every year, Ph.Dstudents
study at RANS since 2014.
Ph.Dfrom XJTU, Dr.M.Yan, 
at RANS for 5 years

NIMS AIST AISTANS

Companies: more than 20 
Iron and steel companies, Highway, Railway, 
 ŀƴŘ ǎƻ ƻƴΧΦ

HBS, Hi-CANS, Cooperation
Joint WSJCNS-RIKEN, every year, since2017
Researcher exchange- Dr.PaulZakalek, 2022 Dr.S.Ikeda
2023c. 

CANS project at 
CEA 

RANS
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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

Reactor
Accelerator-driven

Neutron beam facilities  in the world 

RANS

CSN
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RIKEN RANS Development
Compact neutron systems for practical use ! 

neutrons, anytime, anywhere
Source and instrumentation are inseparable 

relationship

Neutron Source 
development

RANS, RANS-II, RAS-III
(Accelerator-based)

RANS-˃ όwLύ
+ Moderator, reflector, shielding

Instruments design, analytical 
methods should be

based on strong demand from the 
society

R&D

The development purpose
in order to respond to the needs!  New needs

ҦStandard Model of non-destructive test as evaluation analyzer
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Some crtical needs to CNS from industrial
applications on -site use

I. Non-destructive test: transmission imaging for such large area as 
10cm2 with *100ͫm resolution

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

I. volume fraction evaluation

II. texture evolution estimation

6

Ex. iron and steel:
ʾnon-destructive test, 
ʾdevelopment of material engineeringdiffraction



The most critical need is non -destructive 
diagnostic system for infrastructure:
To meet  needs Ḳ preventive maintenance

USA I-70 Concrete bridge 
collapse  

Dec. 2005 , 45 years after 
the construction 
Pennsylvania. Rebar 
corrosion because of ant 
freezing agent

Canada Collapse of a Portionof de la Concorde Overpass

Sept, 2006, 35 years after construction, 
Montreal 

Initial construction failure

Fromʿ Pittsburg Post-Gazette

ʿ ỆτḩβϥӦԌᵓ ⁮

Message from Dr. Banthia to Japanese researchers:
The novel non-destructive test methods such as x-ray, electromagnetic induction method, 
elastic wave method. ʿ ỏϣʺϸЗЍχДжЀрЀиЖᾺ Ệχ ⱧᾮτᶘϐʺЀрϼз˔ЕῬᶘ,2008.12
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From Mr. R.Ooishi (Institute Public Work) 

Taiwan bridge collapse 1 Oct. 
2019 Ṗ

Salt damage->bridges collapse Initial construction failure 

Vigili del Fuoco/AFP
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Italy Moradi bridge collapse
ṕ14 Aug. 2018 . ṖSalt damage 



Neutron 

Nondestructive test on site use need two ways; 
Stational system on floor , and transportable 
compact system

UCANS10 Y.OTAKE 8

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

RANS-II MODEL

ͭ-ray, Electron,
SEM, TEM,EBSD

On-sitenon-destructive test
Transportable type 

On-sitenon-destructive test
Floor-standing type 

RANS-˃
Neutron Salt-meter

RANS-III MODEL



The most suitable neutron production in terms of 
high neutron yield and stable oeration , we have 
chosen the 9Be (ͯ,n) reaction for RANS, Li(p,n ) for 
RANS-II

1. High efficiency and small system including shielding -

-> accelerated ion beam energy should be less than 12MeV

bŜǳǘǊƻƴ ŦƭǳȄ ŀǘ ǘŀǊƎŜǘ Ǉƻǎƛǘƛƻƴ пˉ

~1012/sec for RANS-> RANS-II 1011/sec (forward)  

UCANS10 
Y.OTAKE
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Lis p,nx
Bes p,nx
Lis d,nx
Bes d,nx

Bes ʴΣƴx
Pbs ʴΣƴx
Tas ʴΣƴx

ÅNuclear fusion
DD neutron tube: too small amount
DT: neutron energy is too high, and Tritium is not favarablefor compact source

smallsystem=> Proton or deuteron E> 2 MeV
few activation waste, proton Energy < 12MeV

Electron > 30MeV is needed, too 
high energy for compact source
Easy to operate

Higher energy proton beam, 

Target: W, Ta, etc.
Please refer HBS report from JCNS
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Neutron yield curves of right elements
with low energy charged particle injection

M.R. Hawkesworth , Atomic Energy Review 15(1977)169 -220

YN=9.82E+9 n/ßC

* * C.M. Lavelle, et al, Nuclear Instruments and Methods in Physics Research A 587 (2008) 324 ²341

Deuteron low energy nuclear reaction with
ṕBe, LiṖ

It is possible to make the high 
production of the neutron with 
low energy beam, but, the 
activation of the 
accelerator Ẕdifficult for 
maintenance
Technical difficulty of the target 
lifetime

RANS:7 MeV proton 
Be target
10 12 neutron/s

RANSII:2.5 MeV 
proton 
Li target
10 11 neutron/s
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RANS and RANS-II neutron instruments

1. Imaging experiments  special resolution, 0.5mm, 0.2mm, Non-destructive test 
2. Diffraction, iron steel samples, residual austenite phase fraction
3. Prompt gamma-ray Neutron Activation Analysis, PGNAA, elemental analysis
4. SANS with Ibaraki Univ. (Small Angle Neutron Scattering) nano, sub-mic.
5. Fast neutron transmission imaging for thick samples
6. Fast neutron scattered  imaging from the surface layer with 6~20cm 
7. Phase contrast imaging with Tohoku Univ. Prof. A. Momose
8. Polarized neutron experiment for fundamental physics, with Nishina-center, Tohoku Univ. Kyushu- Univ.

9. Neutron ɹ -ray irradiation application: 
1. Food: space application (Prof.M.Hatsudaet al)
2. Neutron detectors using solar cells (Dr.Okuno, et al)
3. others
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Major parameters of RANS

1.Proton 7MeV 100 ͫA(max. av.) Daily use 

͓MeV̋ млл˃!ʺRf power supply.: 350kW(peak)  duty 1.3%,Electric power peak40kVA, Cooling 
waterʿ 75L/min ,pulse width (30̇ 200˃ s)repetition frequencẏ 20̇ 180Hz RF power 425MHz, 
Injection energy0.030-3.5MeV

UCANS10 
Y.OTAKE

2.compact and low cost 
proton linac:  in our case less than <2ᴑ8^10*2=ד yen=2 million US$
shielding design Multilayer shielding of target station

Be (p,n)reaction: Be (Dr. Y.Yamagata)  

Å7MeV  100 ˃ !700W

ÅPulse condition 

Å10-мул˃ǎ pulse width 

Å20-180Hzrepetition rate

ÅNeutron max total flux ~1012/sec

Choose them under the 
ŎƻƴŘƛǘƛƻƴ мΦо ҈ŘǳǘȅΣ млл˃!
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2012 7MeV proton linacwas installed (Accsysco.)
2013 Operation starts with fast and thermal neutron



Major parameters of RANS -II

1.Proton 2,49MeV 100 ͫA(max. av.) 
200MHz

UCANS10 
Y.OTAKE

2.compact and low cost 

Li  (p,n)reaction:   Li target (covered with CrN)

Å2.5 MeV  100 ˃ !250W

ÅPulse condition 
ïpulse width 

ï repetition rate  *Hz~1kHz

ÅNeutron max total flux 

~1011/sec

under the condition 
оΦо ҈ŘǳǘȅΣ млл˃!
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20142.5 MeV Proton linacplan discussion with 
Prof.N.Hayashizakiof TITECH

2015 Prof.Hayashizaki, Time Co., RIKEN design discussion

Acc.Dr.Okamura18th

9:00- keynote

T.Kobayashi, S.Ikedaet al 
development and up-grade
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Typical Neutron  Spectra for p -Be and p -Li with 
respective proton energy of 7 MeV and 2.5 MeV 

Neutron Energy

Spectrum 1.5m from target ( Target station exit)

Moderator 
thickness

N
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 f
lu

x

Neutron Energy

Without Moderator

ʾThermal moderator: PE
ʾCold moderator: Mesitylene
ʾReflector: Graphite, and PE

ʾWithout moderator , 
ʾor thermal moderator(PE)
ʾReflector: PE

Without
PE
Moderator



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 , 
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Cold moderator

Beam extractor
PE
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Pb Shield

RANS Reformation for cryogenic cold neutron moderator 
system with a plug 

Proton beam

Graphite

30

15
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28

Mesitylene

Aluminum

Air

Polyethylene

Ti PEEK insulator

Be ◓

Yujiro IKEDA

ʾPurpose: More neutron intensity
ʾAdd (Change) the materials, and size of reflector
ʾNew system to change the thermal to cold moderator, 
and target
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Moderator viewed surface image through 1cm×1cm pinhole
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RANS Reformation for cryogenic cold neutron moderator(Mesitylene) 
system with a plug 
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Prof. Yujiro IKEDA et al.

pre-moderator PE 
is placed behind 
cold moderator

18th 12:00-
New reflector material 
development 
Muramatsu, Prof. Yujiro 
IKEDA et al.



Examples of
CANS applications 

from typical RANS and 
RANS-II results.
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Visualization of bonding interface and 
joints of multi -material structural materials
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Aluminum Steel

rivet 
connection

Rivet and adhesive connection

Aluminum Steel

RANS imaging

rivet 
Visualization of 
air hole, 
thinner part

Dr.A.Taketani, Dr.Naito
(NIMS), and Takahashi 
( Kobe steel) by ISMA 
project

NEDO/ISMA project with NIMS and AISTANS

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.



UCANS10 Y.OTAKE

RANS up-grade 2: Towards stress measurement

RANS : engineering diffraction

1. volume fraction evaluation

2. texture evolution estimation
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˻Engineering diffraction  RANS˼
for quantitative evaluation (Iron and steel industrial use) 

For lower background, shielding 

Institute steel and iron Japan Research 
Group activity ѡнлмп-нлмсѢΣ 
Nippon Steel & Sumitomo Metal Co. JFE-
Steel, Kobe steel, Daido steel 

¸Φ LƪŜŘŀ Ŝǘ ŀƭΦΥ άtǊƻǎǇŜŎǘ ŦƻǊ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŎƻƳǇŀŎǘ ŀŎŎŜƭŜǊŀǘƻǊ-based neutron 
ǎƻǳǊŎŜ ǘƻ ƴŜǳǘǊƻƴ ŜƴƎƛƴŜŜǊƛƴƎ ŘƛŦŦǊŀŎǘƛƻƴέΣ bǳŎƭΦ LƴǎǘǊΦ aŜǘƘΦ A833(2016)pp61-67 
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Volume fraction estimation with RANS engineering diffraction
Within 1% accuracy can be accomplished for the same 
sample compared with the large facilities 

retainedausteniteevaluation

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 

9mmĬ10mmĬ9.5mm

Controlled samples produced 

Y.Ikeda et al, Tetsu to Hagane vol.104, No.3 (2018) pp.18-24

J-PARC Takumi: 13.9̋

Austeniteʿ 13.1%

TR2 full angle(300min,

 current32ɛA)

ŸBCC peaks

FCC peaks

22



ἲSolved from both(A)hardware and (B) software perspectives

(A) decoupled collimator (NOT Decoupled moderator)

(B) de -convolution analytical method

-> higher resolution and intensity

UCANS10 Y.OTAKE 23

Towards stress measurement 
with compact source RANS
ÅStrong demand from industry: should internal stressmeasurement 

and stress evaluation be possible on site?

ÅCurrent situation: 
Åonly near-surface stress measurement results are available using X-rays. 
ÅLow resolution with CANS (Compact accelerator-driven neutron systems)

Successful development of a method to increase 
resolution without much loss of strength.

Stresses can now be measured up to 130 MPa for practically relevant steel materials in RANS.



Towards stress measurement :
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proton

sample

(A) Decoupled collimator system

(B)de-convolution analytical method

Deconvolution of delayed neutron components.
-> diffraction  components-> peak fit

Neutron intensity doubled, and 
sharpness increased by 30%.
Stress measurement of around 130MPa
can be measured. 

Stresses can now be measured up to 130 MPa for practically relevant steel materials in RANS.



UCANS10 Y.OTAKE

Ib-SANS(Small Angle Neutron Scattering), Ibaraki Univ. 

Prof.S.Koizumi

25
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To have much lower q, Mesh Type Multi-pinhole 9x9
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Ib-SANS,Ibaraki Univ. Prof.S.Koizumi

Multi-pin-hole system has succeeded at RANS



Counting Efficiency 1/1000  1/40

Converging Beam Device: Multi-pinholes 5x5 & 
(9x9) 

׀ ʴרἧϽἶ ἧ֗ ʴרἧ ї ֵ 2017-140192

@ RIKEN RANS 
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Red circles by ib-SANS (1 hr)
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Small Angle Neutron Scattering experiment with RANS
Ib-SANSon SDS micelle solution with a cold source (before up-grade) 

Developed by Prof.S.Koizumi, Ibaraki University         
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RANS-II: two function (even smaller system)

Power Neutron 
Yield
@target 

Target ST
shielding

Beamline Neutron @ sample 
position

Acce.
Duty

RANS
7MeV
700W

1012 n s-1 Volumeʿ ~
8m3

weighṫ 23ton

1.5m *105 n cm-2 s-1 RANS
1.3%
(RF Dutycycle)5m *104 n cm-2s-1

RANS-II
2.49MeV
250W

*1011 n s-1 V~1m3

W~ 3.5ton
0.5m *104~105 n cm-2 s-1 RANS-II

3%
(RF Dutycycle)1.5m *104 n cm-2 s-1
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ʾ Standard Model of stational, floor standing compact neutron 
system:
Mirrotron (company) has RANS-II (more power) model
ʾProto-type of transportable compact neutron systems



The RANS-II model, now here in 
Hungary!

UCANS9 these pictures were presented.
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Photo from Prof.Dr.F.MezeiMarch 2022 

Mirrotron, near Budapest



RANS - II, without moderator
To meet  needs Ḳpreventive 
maintenance

USA I-70 Concrete bridge 
collapse  

Dec. 2005 , 45 years after 
the construction 
Pennsylvania. Rebar 
corrosion because of ant 
freezing agent

Canada Collapse of a Portionof de la Concorde Overpass

Sept, 2006, 35 years after construction, 
Montreal 

Initial construction failure

Fromʿ Pittsburg Post-Gazette

ʿ ỆτḩβϥӦԌᵓ ⁮

Message from Dr. Banthia to Japanese researchers:
The novel non-destructive test methods such as x-ray, electromagnetic induction method, 
elastic wave method. ʿ ỏϣʺϸЗЍχДжЀрЀиЖᾺ Ệχ ⱧᾮτᶘϐʺЀрϼз˔ЕῬᶘ,2008.12
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From Mr. R.Ooishi (Institute Public Work) 

Taiwan bridge collapse 1 Oct. 
2019 Ṗ

Salt damage->bridges collapse Initial construction failure 

Vigili del Fuoco/AFP
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Italy Moradi bridge collapse
ṕ14 Aug. 2018 . ṖSalt damage 



Back -scattering (reflection imaging) fast 
neutron time of flight imaging method to 
meet the needs for out -door use

UCANS10 Y.OTAKE 32



Back scattered imaging with time of flight method (New Tech.)

Fast neutron is inserted
ҦSelect the timing, and the energy according to the materials to be 
visualized 
Ҧwater, or air hole (gap) in the second layer
Get 2D non-destructive imaging under the first layer 

ˢ100keV~*MeV) injected 
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detector

reflected

Water, airgap, rebar, 
etc.

detector

reflected

Timing to detect 

�������V���W<1ms

Energy  to detect 

E<150 meV

Back scattered imaging
=Scattered imaging


