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⼩型中性⼦源：RANS 
(RIKEN Accelerator-driven compact Neutron Source)
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平成３０年度 理研シンポジウム 

RIKEN Symposium 2018 

安全・安心を未来に繋ぐ 

小型中性子源RANS・RANS-Ⅱ 
Compact neutron source RANS / RANS-II for safe and secure society 

 

－ ものづくり・インフラ産業で使える中性子へ － 
“Neutron” as a useful tool in manufacturing and infrastructure industry 

日 時：２０１９年２月２０日（水）９：４５～１７：３０（受付開始 ９：００） 

場 所：理化学研究所 鈴木梅太郎ホール（埼玉県和光市広沢２－１） 

参加費：無料（事前にお申し込みが必要です。） 

申込み：http://rans.riken.jp/sympo2018/ または裏面の申込用紙でお申し込みください。 

 

要 旨：理研小型中性子源RANSは，コンクリート，金属あるいは複合材料の研究成果を継続的に発信し，
ものづくり・インフラ産業において材料の開発や高い品質を担うツールとして認識されつつあります。さ
らに，ものづくり現場への導入かつ車載可能な中性子源のプロトタイプRANS-Ⅱの完成が目前となり，小
型中性子源をものづくり現場あるいはインフラ診断に本格的に活用を進めるべき段階に入りました。本年
度からは（公社）日本コンクリート工学会「中性子線を用いたコンクリートの検査・診断に関するFS委員
会」の活動を開始し，中性子線によるインフラの現場診断実現に向けた第一歩を踏み出しました。 

本シンポジウムは，小型中性子源と中性子測定の特徴を深く理解し，今後の各分野の新たな課題解決を議
論する場として開催します。幅広い分野の人的ネットワーク形成に期待し，超小型中性子源RANS-Ⅱで新
たに広がる中性子線利用の可能性についても検討します。 

 

主 催：国立研究開発法人理化学研究所 光量子工学研究センター（RAP） 

共 催：東京工業大学科学技術創成研究院先導原子力研究所（予定） 

後 援：J-PARCセンター（ＪＡＥＡ／ＫＥＫ），国立研究開発法人土木研究所， 

    公益社団法人日本コンクリート工学会（予定） 

 
             

                  Date & Time schedule: 9:45 am to 5:30 pm, February 20, 2019 (Registration desk is open at 9 am.) 

                  Symposium venue: Suzuki Umetaro Hall in Wako, RIKEN 

                  URL: http://rans.riken.jp/sympo2018/ 

                  No registration fee is required. but register is needed through website or by fax. 

 

                  Sponsor: RIKEN Center for Advanced Photonics (RAP) 

                  Partners: Laboratory for Advanced Nuclear Energy, Tokyo Institute of Technology 

                  Supporters: Japan Proton Accelerator Research Complex, J-PARC (JAEA/KEK) 

                                      Public Works Research Institute (PWRI), Japan Concrete Institute (JCI) 
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Beam Time for FoCAL@ALICE
project in March 3-4, 2022. 
(10 hours)



Parasite to FoCAL@ALICE Experiment 
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2´108neq/cm2 /s

Space for µ-Coax

Space for µ-Coax

10cm

~ 1´107 neq/cm2 /s ?

2´107neq/cm2 /s

4´106neq/cm2 /s

FOCal Radiation Exposure Setup



Prototype-I Cable Setup
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Dismounted GND/Power cables and ROC side connector 



Prototype-I Cable Setup
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Attached to the disk (Back View)Attached to the disk (Front View)

New silicon jacket GND/Power cable
Indium foil for absolute neutron flux measurement

µ-Coax Cable

PFA Samples



PFA Samples
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Three pure PFA samples are implemented.



Disk Mount Setup with FoCAL Sensors
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beam

beam

µ-Coax Cable µ-Coax Cable



Installation to neutron source vessel
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µ-Coax PFA Volume
Material Breakdown of micro-Coax
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直径＝0.134mm

Dielectric

ODID

L=10mm
OD 

[mm]
ID 

[mm]
Ring Area 

[mm2]
Tube 

Volume 
[mm3]

Dielectric 0.134 0.06 0.011 0.11

Jacket 0.22 0.17 0.015 0.15

Total 0.27

Jacket
Ring

• The volume of PFA per 1 micro-
Coax cable: 0.72 [mm3]

• Shape transform for the 
simulation as a board. The 
thickness of 10mm x 10mm 
board is 0.0027mm=2.7µm 
equivalent.

10mm
10

m
m



Estimated Radiation Dose
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Weight of the Sample to be exposed [mg] 23

Neutron Flux [/cm^2/s] 1E+7

Energy loss per neutron [MeV] 2.7e-6*

Energy loss per neutron [Jule] 8.0E-19

Absorbed dose per neutron [J/Kgm^2=Gy/cm^2] 1.74E-4

Total dose in 10 hours of exposure /cable [Gy/cm^2] 0.6

6-3-7

◆Tissue weighting factor
Tissue/Organ Tissue weighting factor Tissue/Organ Tissue weighting factor

Breast 0.12 Esophagus 0.04
Red bone marrow 0.12 Thyroid 0.04

Colon 0.12 Salivary gland 0.01
Lung 0.12 Skin 0.01

Stomach 0.12 Bone surface 0.01
Gonads 0.08 Brain 0.01
Bladder 0.04 Remaining tissues

/organs 0.12
Liver 0.04

◆Radiation weighting factor

Types of Radiation Radiation weighting factor

Photon (gamma or x-rays) 1

Electrons (beta rays) 1

2Proton

Alpha particles, fission fragments, heavy nuclei 20

Neutron radiation
2.5 -20

(Determined by the continuous
 function of energy)

Sievert value Gray value Radiation weighting factor＊1 Tissue weighting factor＊2= × ×

＊1： Represents the difference in effect according to the type of radiation.
＊2： Represents how susceptible different tissues, such as internal organs, are to radiation.

Source: ICRP, Publication 103 (2007)

The Relationship between Gray & Sievert Units

Radiation Radiation
Energy unit mass

Sievert (Sv)
This unit is used for assessing how much risk 

radiation poses to people in terms of 
inducing cancer or genetic damage.

(1 Sievert = 1,000 mSv)

Gray (Gy)
This unit represents how much energy was received by 

an object or person hit by radiation.
A dose of 1 gray corresponds to 1 joule of 
energy absorbed by 1 kilogram of matter.

©JAERO

*PHITS simulation by Genki.

• The estimated radiation dose is predicted to be quite small due to its small volume.
• Presumably, neutron flux is rather important to prove radiation hardness of µ-coax.

1 10 210 310
Dose [kGy]
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図 6.14 剥離試験の解析結果。横軸は照射量の実測値、縦軸は剥離強度である。線量 0 Gyの剥
離強度は 1 kGyにずらして plotしている。
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5kGray

Bus extender radiation hardness study



Is 60kGray Sufficient?

1 10 210 310
Dose [kGy]
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図 6.14 剥離試験の解析結果。横軸は照射量の実測値、縦軸は剥離強度である。線量 0 Gyの剥
離強度は 1 kGyにずらして plotしている。
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Hikaru Imai, Deploma Thesis (2021)

Peel Strength Test

5kGray

Bus Extender Radiation Hardness Study

BEX
HDI

µ-Coax

hard

3 years
sPHENIX

5kGy

Given the distance of the conversion cable from IP, 
60kGray seems sufficient. 
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Backup

13



Absolute Radiation Dose Measurement
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中性子関連技術解説書 中性子利用技術名 ；即発ガンマ線分析(PGA)および中性子放射化分析(NAA) 
 解説書作成者 ；技術士 氏名  岸 敦夫 

- 1 - 
 

１．はじめに 
中性子は産業用として、①波の性質を利用して、物質の結晶構造やひずみを調べたり、

物体を透過する際の吸収・散乱の差で得た透過像により内部の構造を観る、②照射した

際に放出されるガンマ(γ)線を測定し、どのような元素がどのくらい含まれるかを調べ

る、③照射によって核変換を引き起こし、新しい材料を造る（均質性の高い半導体材料

など）、等に利用できます。 
ここでは、②の核反応を利用した元素分析法について解説します。 

 
２．概要       

ウランの核分裂等によって発生した中性子 

を分析したい試料に照射すると、放射線の一 

種で、波長の短い電磁波であるガンマ線 

（即発ガンマ線、壊変ガンマ線）を放出します。 

この電磁波を計測しデーǿ解析することによっ 

て、どのような元素がどのくらい含まれている 

かを調べることができます。 

これは、元素が中性子を吸収すると元素ごと 

に異なる特有の放射線を出す性質を利用したも 

のです。 

質量分析法などのように試料を破壊（微粉化 

して化学処理するなど）することなく、試料を 

そのまま測定できます。また、蛍光 X 線分析法 

などのように表面だけではなく内部まで多くの 

元素を精度よくしかも同時に分析することがで 

きます。 

微量成分（元素により ppb～％のオーȀー）の 

分析法として優れています。 

  ただし、元素によって感度が大きく違うので、目 

的によって各種分析手法と組み合わせることも有効です。 

 
３．中性子利用の元素分析の原理                        

中性子を利用した元素分析は、即発ガンマ線 

を利用する即発ガンマ線分析(PGA)と壊変ガ 

ンマ線を利用する中性子放射化分析（NAA） 

の二つに大別できます。 

   

(注)PGA：Prompt Gamma-ray Analysis 

 NAA：Neutron Activation Analysis 

 

図 1. 各種分析法との比較 

  （定量できる下限値） 

誘導結合プラズマ質量分析（ICP-ＭＳ)

破
壊

分
析

非
破

壊
分

析 表
面

誘導結合プラズマ発光分光
（ICP-AES)

ポーラログラフィ

加速器質量分析法

蛍光Ｘ線分析法

pg
吸光光度

原子吸光

  g mg µg ng

放射化分析（NAA）

即発ガンマ線分析
（PGA）

非
破

壊
分

析
全

体

放射光利用蛍光Ｘ線分析法

荷電粒子誘起Ｘ線分析（ＰＩＸＥ）

表
面

蛍光Ｘ線分析法

即発γ線分析
即発γ線

10-14 sec

複合核

中性子
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放射化分析

放射性
核種

壊変γ線

α線,β線

生成核

PGA: Prompt Gamma-ray Analysis図 2. 中性子による核反応 

Indium sample will be implemented right next to the coax-cable.

https://www.htc.co.jp/12cyuseishi/kaisetsu/No3_Ref.pdf

The gamma emission will be measured right after the neutron exposure.



µ-Coax Cable Structure and Material

PFA（フッ素樹脂）=パーフルオロアルコキシアルカン
四フッ化エチレン・パーフルオロアルコキシエチレン共重合樹脂

http://www.diced.jp/~KAZU/syousya.txt.htm

Material Breakdown of micro-Coax
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Fleoropolymer Types 

https://www.yumoto.jp/material-onepoint/plastic-ptfe-pfa-pvdf
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Summary:
1. Both PFA and PTFE are fluoropolymers.
2. PTFE is the more commonly used fluoropolymer, and 

it is popularly known as “Teflon.”
3. PFA is melt processable and more versatile than PTFE, 

but PTFE is superior when it comes to being less water 
absorbent and resistant to weathering.

4. PFA is more often used in industrial applications, 
particularly with lab equipment and industrial tubing, 
but PTFE is more common and popular especially with 
cookware.

Letʼs assume PTFE and PFA are similar in terms of radiation 
hardness 

http://www.differencebetween.net/science/chemistry-science/difference-between-pfa-and-ptfe/

So called “Teflon”

http://www.differencebetween.net/language/words-language/difference-between-industrial-and-commercial/
http://www.differencebetween.net/category/technology/industrial/


Radiation Hardness of Fluoropolymer
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https://www.osti.gov/servlets/purl/1467983

Radiation Effects on Teflon Wires

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC., a 
wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract 
DE-NA0003525. SAND No. 2011-9283P. SCG.MV.

LeRoy Whinnery, Alexis Abelow, Wei-Yang Lu, Karla Reyes, Donald Ward, Dustin Murtagh, Zachary Meinelt, Nathalie Le Galloudec, Al Ver Berkmoes, Raymond Friddle

Problem
• Nuclear Safety Assurance asked a question along the lines of… “given that Teflon is the most radiation sensitive 

polymer used in NW, how do we know that the Teflon insulation of the wires exposed to radiation for decades is not 
flaking off leaving the conductors without adequate insulation?”

• Given the context, a quick study to find a preliminary answer was needed.

Approach
1. Perform electrical testing to ensure wires are behaving normally
2. Remove cables from MC3501
3. Remove the outer sheath from the cable
4. Examine the cable/wires for discoloration
5. Bend the wire(s), look for cracks and record images
6. Cut and prepare sample for nano-indentation
7. Strip wire(s) and tensile test Teflon only

Summary
• No discoloration was observed

• No cracking was observed upon bending (1/4” radius)

• Nano-indentation did not show any differences in hardness or modulus

• Elongation of Teflon appears to be sensitive to radiation

• Need to perform more tensile testing for better statistics

Nano-indentation
The hardness is calculated as the maximum load divided by the actual contact 
area made between the indenter tip and the material. Hardness is essentially the 
how resistive a material is to deformation (elastic + plastic). The Modulus is the 
slope of the load-displacement curve upon unloading, divided by the root of the 
contact area. So modulus is the ratio of elastic stress to strain. 

Conductor removal for tensile testing  
-a possible source of variability (flaws)
• Wire strippers were used to remove a small amount of 

insulation. 

• Pliers were then used to grab the copper conductors.

• Sliding my grip down the wire many times allowed it to 
slowly release from the insulation and be removed.

• Gloves helped with gripping the Teflon.

• Care was taken to not pull too hard or too fast. 

Tensile Testing of Insulation Only

Typical sample before test

• Ends were wrapped 
with tape for 
hydraulic grip 

Test set-up

Radiation Damage Mechanism
The mechanism of Teflon degradation by radiation has 
been well studied. No C=C peaks observed in FTIR

Labels Sample Dose (rad) Time (days)
PTFE # 1 PTFE 1,250 2.31
PTFE # 2 PTFE 2,500 11.57
PTFE # 3 PTFE 5,000 23.15
PTFE # 4 PTFE 15,000 34.72
PTFE # 5 PTFE 30,000 69.44

Empty (control) Empty 5,000 23.15

Teflon Wire Bend Test
No cracks were observed when put in 
tension.

Polymer Radiation Sensitivity
Teflon is one of the most radiation sensitive polymers

Additional Dose Testing
Dosimeter Locations

Quasi-Static Uni-Axial Tensile Testing

Additional Radiation Exposure
• Expose the Teflon coated wires to additional radiation and examine their physical/mechanical 

properties.  
• Determine how much additional exposure is needed to compromise their ability to provide electrical 

isolation.  
• Samples are irradiated at the GIF using a Co-60 source.
• Dose rates from 10-3 rad/s to over 103 rad/s.
• Samples irradiated in an inert atmosphere (N2).

Results
Tensile testing showed ~35% reduction in strength and a significant reduction in elongation to failure. 
Substantial variability was observed, particularly in the elongation. This variability may be due to flaws 
introduced during sample preparation. Additional testing is underway to provide better statistics.

Future Work
• High voltage breakdown and insulation resistance will be performed
• Additional radiation to look for a cliff in the properties
• Vessels irradiated at GIF (ABQ) (gamma)

• 5mrad/second (0.432 krad/day)

SAND2017-9103C

BEX
HDI

µ-Coax

hard

In general, fluoropolymer is known to to be weak against the radiation 

Dielectric material

5kGy

?
Torn into pieces?


