Radiation Hardness [est of
u-Coax cable at RANS
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Parasite to FOCAL@ALICE Experiment
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FOCal Radiation Exposure Setup
~ 1x107 ngq/cm2 /s ?



Prototype-| Cable Setup

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

Indium foil for absolute neutron flux measurement
New silicon jacket GND/Power cable
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u-Coax Cable =5

Attached to the disk (Front View) Attached to the disk (Back View)



PFA Samples
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Disk Mount Setup with FoCAL Sensors

L u-Coax Cable
S —al . cadl




Installation to neutron source vesse




Dielectric Jacket

u—Coax PFA Volume

< —>

Material Breakdown of micro-Coax L=10mm
2.Co ma T b
— Ok Spocified Value oD [» Ring Area ube
Matenal . Silver plated Copper Alloy wire Tl Tyl Liifl Volume
AWG size . a4 [mm?3]
Inner conductor Stranding No./mm 7/0.02
i X. mm 08
pRleeee) T T Dielectric ~ 0.134 0.06 0.011 0.11
Thick.(nom.) mm 0.037
Insulation Dia. (approx.) mm 0.134
Color : Black Jacket 0.22 0.17 0.015 0.15
Material - Tinned copper alloy wire
Outer Type - Wrap(Right-hand lay)
Conductor Strand Dia. mm 0.02
(approx.) X Total 0.27
Material - PFA
Thick.(nom.) mm 0.025
pn Dia. (Max.) mm 0.22(0.23)
Color * Brown , Green .
e The volume of PFA per 1 micro-
, LTt le: 0.72 [mm3]
B AR Coax cab
5% =0.134mm AN « Shape transform for the

simulation as a board. The
thickness of 10mm x 10mm
board is 0.0027mm=2.7um
equivalent.

10mm

Core Conductor  Dielectric Shield Jacket 10mm



Energy unit mass

.’ Radiation

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.

 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 u-coax.

-stimated Radiation Dose

Bus extender radiation hardness study
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Dose [kGy]

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/IKgm”*2=Gy/cm"2]

1.74E-4

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

0.6

*PHITS simulation by Genki.
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's 60kGray Suftficient?

Hikaru Imai, Deploma Thesis (2021)

Peel Strength Test
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Bus Extender Radiation Hardness Study

hard

Polyimide (PI)

Liquid Crystal Polymer (LCP)
Polyetherimide (PEI)
Polyamideimide (PAI)
Polyphenylsulfide (PPS)
Polyetheretherketone (PEEK)
Polystyrene (PS)

Copolymer PI + siloxane
Polyarylate (PAr)
Polyarylamide (PAA)
Polyethersulfide (PES)
Polysulfone (PSU)

Polyamide 4.6
Polyphenyloxyde (PPO)
Acylonitride-butadiene-styrene (ABS)

Polyethylene (PE)

Polyamide 6.6 (PA)
Cellulose acetate

5kGy

Polyethyleneterephtalate (PETP) 3 years
Polycarbonate (PC) sPHENIX

Polypropylene (PP)

Polymethylmethacrylate (PMMA)
Polyoxymethylene (POM)

Polytetrafluoroethylene (PTFE) —

|
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102 103

104

@@= -Coax

105 105 107 108 Gy

/T mild to moderate damage. utility is often satisfactory

I moderate to severe damage, use not recommended

Given the distance of the conversion cable from IP,

60kGray seems sufficient.



12



Sackup



Absolute Radiation Dose Measurement

Indium sample will be implemented right next to the coax-cable.
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https://www.htc.co.jp/12cyuseishi/kaisetsu/No3_Ref.pdf

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



u—Coax Cable Structure and Material

2.Co ma Material Breakdown of micro-Coax F F
tem Unit Specified Value | |
Matenal Silver plated Copper Alloy wire C . C
Inner conductor SN S - M | |
. 7/0.02
§tnndtng No./mm F F n
M .W PF A PTFE L2
Thick.(nom.) mm 1
Insulation Dia. (approx.) o 0.134
Color - Black
Material - Tinned copper alloy wire
Outer Type . Wrap(Right-hand lay)
Conductor Strand Dia. mm 0.02
Material PFA
Jacket Thick.(nom.) mm . : . .
" Dia. (Max.) nm 0.22(0.23) Core Conductor  Dielectric Shield Jacket
Color Brown , Green
PFA (7 v &E#ig) =/=—70FaF7raxs7hy
M7 vfbTF Ly - X=70AFATILIFTITF L HEARIE
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http://www.diced.jp/~KAZU/syousya.txt.htm



~leoropolymer Types

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

JyREEEOWM

- - Summary:
So called "Teflon” | 1. Both PFA and PTFE are fluoropolymers.
e e Jr - cJ( 2. PTFE is the more commonly used fluoropolymer, and
i it is popularly known as “Teflon.”

A | 3. PFA is melt processable and more versatile than PTFE,
e e, ll;: —4} but PTFE is superior when it comes to being less water
- fmsaigigasipesassiasall N absorbent and resistant to weathering.

- ) | = | 4. PFA is more often used in industrial applications,

Pa— particularly with lab equipment and industrial tubing,
P UCanAnTE L TN aRT) H H— ] but PTFE is more common and popular especially with
PIFEIHAS L M350 & 715, BRI TROWE LPTFE S cookware.

ETFE (XFLYFrZ7NA0XFL2OKRIT~)
BABOLEWIRN7 v{EXFLY - TFLHEEME

Let’'s assume PTFE and PFA are similar in terms of radiation
hardness

https://www.yumoto.jp/material-onepoint/plastic-ptfe-pfa-pvdf
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http://www.differencebetween.net/language/words-language/difference-between-industrial-and-commercial/
http://www.differencebetween.net/category/technology/industrial/

Radiation

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 Radiation Damage Mechanism

been wel studied. No C=C peaks observed in FTIR

r Radiation Sensitivity
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Quasi-Static Uni-Axial Tensile Testing

P1 Control 3
Nano-indentation

. s is the rato o

Results
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Tensile Testing of Insulation Only Conductor removal for tensile testing
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hard

Polyimide (PI)

Liquid Crystal Polymer (LCP)
Polyetherimide (PEI)
Polyamideimide (PAI)
Polyphenylsulfide (PPS)
Polyetheretherketone (PEEK)
Polystyrene (PS)

Copolymer PI + siloxane
Polyarylate (PAr)

Polyarylamide (PAA)
Polyethersulfide (PES)
Polysulfone (PSU)

Polyamide 4.6

Polyphenyloxyde (PPO)
Acylonitride-butadiene-styrene (ABS)
Polyethylene (PE)
Polyethyleneterephtalate (PETP)
Polycarbonate (PC)

Polyamide 6.6 (PA)

Cellulose acetate

Polypropylene (PP)
Polymethylmethacrylate (PMMA)
Polyoxymethylene (POM)
Polytetrafluoroethylene (PTFE)

bkGy

[

ardness of Fluoropolymer

https://www.osti.gov/servlets/purl/1467983

Dielectric material

Torn into pieces?
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mild to moderate damage. utility is often satisfactory
moderate to severe damage, use not recommended

107

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



