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Outline

• Nb (-FG and -MG) Material Preparation Plan for:
• 1.3 GHz Elliptical Cavities for ILC-ML Prototypes, on going, and

Crab Cavity Prototypes for ILC-BDS, expected

• High Pressure Gas Safety (HPGS) Constraints for: 
• HPGS regulations in Japan, and a solution for the ILC-SRF
• “Refrigeration Cycle Regulation” applied for IFMIF cavity fabricated in Europe
• Requirements for SRF cavity fabrication, and experimental evaluation of the 

Nb (-FG and - MG) material properties 
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ILC-IDT Technical Preparation toward Pre-lab

●The technical preparation document was reviewed by the  
international review committee (chair:Tor Raubenheimer  
(SLAC)).
●The total global cost of the project is about 60 MILCU* and  
about 360 FTE-year. (This does not include the cost of the  
infrastructure for the WPs.)
●The cost will be shared internationally as in-kind
contribution.
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IDT-WG2 summarized the technical preparation as work packages (WPs) in the technical  
preparation document.

1MILCU=1M$(2012)
JLAB meeting (Dec.5,2022)

2021 May
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JLAB meeting (Dec.5,2022) 8

https://agenda.linearcollider.org/event/9735/c
ontributions/50816/attachments/38190/5996
8/Time-Critical_WPsV8b.pdf

http://doi.org/10.5281/zenodo.4742018

2021 May 2022 June

Time Critical WPs
(~1/4 scale) 

à WP-PrimeWork Packages (WPs) 

http://doi.org/10.5281/zenodo.4742018
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WP-prime 1: SRF Cavity
* Scoping the Industrial-Production Readiness
◆ Research with single-cell cavities to establish the best production process  

including:
◆ Advanced Nb sheet production method
◆ Advanced surface treatment recipe

◆Globally common design with compatible High Pressure Gas Safety (HPGS)  
regulation

◆ 24 nine-cell cavities are to be developed for industrial-production readiness
◆ 8 cavities (4 / batch) in each region
◆ Production process encouraged to be optimized in each region

◆ RF performance/success yield to be examined (including 2nd pass and further)
◆ 3rd pass to be examined if effective

Cavities to be produced
Americas Europe JP/Asia

single-cell 2 2 2
nine-cell 8 8 8 (+ 12)

Material/Sub-component

Cavity Production

Surface Process

Vertical Test=  
Cavity RF Test

QA of Material/Sub-C

Production processJLAB meeting (Dec.5,2022)

Referring EuXFEL and LCLS-II experience

52023/1/27
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WP-prime 3: Crab Cavity Development with down-selection

◆ RF property simulation to optimize cavity design
◆ Pre-down-selection to choose two primary candidates
◆ Development and evaluation of two prototype cavities
◆ Demonstration of synchronized operation with two  

prototypes
◆ Down-selection to choose final cavity design
◆ Cryomodule design based on final cavity design

Item Recent specification  
(after TDR)

Beam energy 125 GeV (e-)

Crossing angle 14 mrad

Installation site 14 m from IP

RF repetition rate 5 Hz

Bunch train length 727 μsec

Bunch spacing 554 nsec

Operational temperature 2.0 K (?)

Cavity frequency 1.3/3.9 GHz

Total kick voltage 1.845/0.615 MV

Relative RF phase jitter 0.023/0.069 deg rms  
(49 fs rms)

two beamline distance  14.049m x 
0.014rad =197mm

JLAB meeting (Dec.5,2022) 62023/1/27



Test Prototype Test Prototype Sum (FG+MG)
ML-Cavity
AS        
AMs
EU

FG 1-cell
(1)
(1)
(1)

FG 9-cell
[4 +6] +1

4 + 0.5
4 + 0.5

MG 1-cell
(1)
(1)
(1)

MG 9-cell
[4 +6] +1

4 + 0.5
4 + 0.5

9-cell
22
9
9

Procured

(Bidding)

20 x (18+2) sheets
(~1.5 m ingot ->  400 sheets

(before Summer)

20 x (18+2) disks
(~1.2 m billet à 400 disks)

(process started)

40 Cavities  

BDS-CC
Type 1
Type-2

TBD
TBD

TBD
TBD

TBD
TBD

TBD
TBD

TBD
TBD

Nb FG-sheets / MG-disks Fabrication 
expected in JFY2023

‘23, 1~3 4~6 7~9 10~12 ‘24, 1~3
ML-C, FG

MG
CC, FG

MG

Procurement process expected

EBM expected

EBM anticipated
Options anticipated
aft. down-selection 

Preparing EBM process

72023/1/27



Requirements for Nb Material
Characteristics FG MG Note

Chemical composition* ASTM B393-09 Type5, 
EuXFEL, LCLS-II equiv. Same

Residual R. Ratio ≥ 250 Same R(RT) / R(~4K)
Tensile Strength ≥ 120 MPa Same @ RT
Yield Strength ≥ 39 MPa Same @ RT

Grain Size ≤ 0.1 mm (av.) ≤ 1 mm (av,) + Re-crystalization (%)

Size ~ 280 x 280 mm2
2.8 mm, t

260 mmf x 1.5 m 
à ~ 500 disks (@ ~2.8 mm, 

t)

Surface (BCP aft. grinding) (BCP aft. Slicing)

*Remaining C N O H Zr Tn Fe Si W Ni Mo Hf Ti S

Upp. Limit
[wt-ppm] 39 30 40 5 100 1000 50 50 70 30 50 50 50 10

82023/1/27



Outline

• Nb (-FG and -MG) Material Preparation Plan for:
• 1.3 GHz Elliptical Cavities for ILC-ML Prototypes, on going
• Crab Cavity Prototypes for ILC-BDS, expected

• High Pressure Gas Safety (HPGS) Constraints for: 
• HPGS regulations in Japan, and a solution for the ILC-SRF
• “Refrigeration Cycle Regulation” applied for IFMIF cavity fabricated in Europe
• Requirements for SRF cavity fabrication, and experimental evaluation of the 

Nb (-FG and - MG) material properties 
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SRF: Key Technology at ILC:

10

main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeVSRF Main Linac

Parameters Value
Beam Energy 125 GeV
Beam Rep. rate 5 Hz
Pulse duration 0.73 ms
Av. field gradient 31.5 (35) MV/m +/-

20%
Q0 = 1E10 (1.6E10)

# 9-cell cavity (1.3 
m) ~ 8,000 ( x 1.1)

# cryomodule  
(12.m) ~ 900

# Klystron ~ 240

e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Detectors

Damping Ring

Interaction point

2023/1/27



◆Unify cryomodule (CM) design with ancillaries, based on globally common engineering design,  
drawings & data-base, and

◆Establish globally compatible safety design base to be approved/authorized by HPGS regulations  
individually in each region, most likely referring ASME guidelines to be compatible with Japanese  
regulations.

11

WP-prime 2: Cryomodule (CM) Design
(Scoping the CM Global Transfer and Performance Assurance)

Region  
Regulation

Americas
ASME

Europe
Eu-EN, TUV

Japan/Asia
JP-HPGSAct

CM tech. design base LCLS-II Euro-XFEL KEK-STF,AST-IFMIF

ILC CM design Common CM design globally compatible to HPGS regulation in all regions,  
and most likely ASME guidelines to be compatible with Japanese regulations.

Cavity string

Ancillaries:
SC mag., tuners, couplers CM outlook with vacuum vessel

JLAB meeting (Dec.5,2022)

Referring LCLS-II experience,
FNAL-JLAB-SLAC-Cornell

112023/1/27



HPGS Act and Ordinance in Japan

• Act (Law): 
• High Pressure Gas Safety Act, 

• Ordinances (Regulations):
• General HPG Safety Ordinance

• Main Applications:  
• Industrial-gas-plant systems 

• Features:  Open Loop, enabling liquid/gas 
extraction/consumption, 

• Refrigeration Safety Ordinance
• Main Applications:  

• Air-conditioning/refrigeration systems for building and Cold-
Storage

• Features: Closed-Loop, not allowing liquid/gas 
extraction/consumption, 

2021/2/9 14

SC Magnet/
SRF Cavity

SC Magnet/
SRF Cavity



Similarities in Technical Basis to be understood 
in comparisons of HPG-RS (Japan), ASME (US), and PED (EU)

AY’s personal understanding/questions

Refrigeration Safety
Japan 

ASME
US

PED
EU

Material
SUS/Cu: specified
Nb: not specified

SUS/Cu: specified
Nb: not specified

SUS/Cu: specified
Nb: not specified

Mechanical stress 
design
- s-allowed

≤ ¼ s-tensile @ RT
≤ ¼ s-tensile @ T-use
≤ 2/3 s-0.2% @ RT
≤ 2/3 s-0.2 % @ T-use

To be filled To be filled

Non-standard FE analysis, in particular for
buckling

To be filled To be filled

Fabrication process
- Structure
- Welding Sample tests required

To be filled To be filled

Pressure Test
- Hydr. Test
- Pne. Test   

P(h)-test : 1.3~1.5 x WP 
(p)P-test : 1.1~1.25 x WP 

To be filled To be filled

2021/2/9 15Common criteria need to be established
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Welding efficiency
• For butt welding, following welding efficiency factor is defined.

• Above welding efficiency factor is used as follows.

Fraction of radiation transmission  
test against total welding length

Welding efficiency factor

100 % 1.0
Less than 100 %, and more than 20 % 0.95

Less than 20 % 0.7

Pm ≦ S x (welding efficiency factor)
PL≦ 1.5 x S x (welding efficiency factor)
PL + Pb≦ 1.5 x S x (welding efficiency factor)  
PL + Pb + Q≦ 3 x S x (welding efficiency factor)

Pm: Primary general membrane stress
PL: Primary local membrane stress  
Pb: Primary bending stress
Q: Secondary stress
S: Design stress strength

This factor only applied for the refrigeration safety regulation,  
not for general gas high-pressure regulation.

K. Umemori, 2022/Feb/15 IDT-WG2 SRF group meeting 14

Question
• Does welding efficiency applied also in ASME and/or EN?

Fabrication & design

162023/1/27



Outline

• Nb (-FG and -MG) Material Preparation Plan for:
• 1.3 GHz Elliptical Cavities for ILC-ML Prototypes, on going
• Crab Cavity Prototypes for ILC-BDS, expected

• High Pressure Gas Safety (HPGS) Constraints for: 
• ILC-SRF and HPGS regulations in Japan,
• “Refrigeration Cycle Regulation” applied for IFMIF cavity fabricated in Europe
• Requirements for SRF cavity fabrication, and experimental evaluation of the 

Nb (-FG and - MG) material properties 
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HPG System for Magnet and SRF Systems 

QST:
JT-60SA

SC-M

RIKEN:
RILAC
SRF-C

QST-IFMI: RIPac
SRF-C

SLAC/FNAL:
LCLS-II
SRF-C

MagーVessel
SRF-Cavity

ASME, BPVC 
Sect. VIII, Div.1 Ref. Regulation

ASME, BPVC 
Sect. VIII, Div.1

ASME BPC 31.1 
（確認中）

Cryo-Piping ASME BPC 
31.1 

Ref. Regulation ASME BPC 31.1 ASME BPC 31.1 

Refrigerator Ref. Regulation Ref. Regulation Ref. Regulation tbc

全システム
（完成検査）

Ref. Reguration Ref. Regulation Ref. Regulation tbc

232023/1/27



Example of Manufacture in EU and Assemble in Japan(2) （in progress）：
QST-IFMIF/EVEDA-LIPac, SRF Cavity and Cryomodule

• Component manufacture in Europe & transported to 
Japan.

• Part of ITER Broader Approach (IETER-BA)

• RS Ordinance accepted by à Aomori Local Government
• Technical detail evaluation before staring manufacture; 

assisted by KHK)：

• SRF cavities manufacture by （Zanon（Italy）)
• Supervised by CEA (EU, Framce）,
• Pressure Tested by Zanon in cooperation with a professional 

inspector, 

• Assembly work on site at （IFMIF, Japan）
• Completion, Final Test is to be carried out in near future. 
2021/2/9 25

A. Kasugai「Teion-Kogaku」54-4 (2019) p.283



Pressure Test/Licensing for the IFMIF SRF Cavity
A. Riquelme, TTC Meeting, Saclay June 5th ‒ 8th

2021/2/9 26

Baselines：
• ASME BPVC Sec. VIII Div.1 

• for ＞6-inch dia., 
• ASME B 31.3 

• for < 6-inch dia.



HPGS for IFMIF SRF Cavity & Cryomodule
Following ASME BPVC Sec. VIII Div 1, and BPCC B31.3

A. Riquelme, TTC Meeting, Saclay

Baseline/Guidelines：
• ＞６inch dia.: ASME BPVC Sec. VIII Div.1 
• < 6 inch dia.: ASME B 31.3 

コメント（⼭本）： ASME-BPVC Section VIII Div1 は、⼀般則、冷凍則の共通な技術基盤（と思う）。 272023/1/27



IFMIF SRF Cavity & Cryomodule
HPGS Pressure Test Guideline based on ASME BPVC

292023/1/27



Similarities in Technical Basis to be understood 
in comparisons of HPG-RS (Japan), ASME (US), and PED (EU)

AY’s personal understanding/questions

Refrigeration Safety
Japan 

ASME
US

PED
EU

Material
SUS/Cu: specified
Nb: not specified

SUS/Cu: 
specified
Nb: not specified

SUS/Cu: specified
Nb: not specified

Mechanical 
stress design
- s-allowed

≤ ¼ s-tensile @ RT
≤ ¼ s-tensile @ T-use
≤ 2/3 s-0.2% @ RT
≤ 2/3 s-0.2 % @ T-use

To be filled To be filled

Non-standard FE analysis, in particular 
for buckling

To be filled To be filled

Fabrication 
process
- Structure
- Welding

Sample tests required

To be filled To be filled

Pressure Test
- Hydr. Test
- Pne. Test   

P(h)-test : 1.3~1.5 x WP 
(p)P-test : 1.1~1.25 x WP 

To be filled To be filled

2021/2/9 31Common criteria need to be established
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• Nb (-FG and -MG) Material Preparation Plan for:
• 1.3 GHz Elliptical Cavities for ILC-ML Prototypes, on going
• Crab Cavity Prototypes for ILC-BDS, expected

• High Pressure Gas Safety (HPGS) Constraints for: 
• ILC-SRF and HPGS regulations in Japan, 
• “Refrigeration Cycle Regulation” applied for IFMIF cavity fabricated in Europe
• Requirements for SRF cavity fabrication, and experimental evaluation of the
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Similarities in Technical Basis to be understood 
in comparisons of HPG-RS (Japan), ASME (US), and PED (EU)

AY’s personal understanding/questions

Refrigeration Safety
Japan 

ASME
US

PED
EU

Material
SUS/Cu: specified
Nb: not specified

SUS/Cu: 
specified
Nb: not specified

SUS/Cu: specified
Nb: not specified

Mechanical 
stress design
- s-allowed

≤ ¼ s-tensile @ RT
≤ ¼ s-tensile @ T-use
≤ 2/3 s-0.2% @ RT
≤ 2/3 s-0.2 % @ T-use

To be filled To be filled

Non-standard FE analysis, in particular 
for buckling

To be filled To be filled

Fabrication 
process
- Structure
- Welding

Sample tests required

To be filled To be filled

Pressure Test
- Hydr. Test
- Pne. Test   

P(h)-test : 1.3~1.5 x WP 
(p)P-test : 1.1~1.25 x WP 

To be filled To be filled

2021/2/9 42Common criteria need to be established
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Peak Stress evaluation 
with allowable mechanical stress 

2023/1/27 44

Mechanical 
stress design

l s-allowed

≤ ¼ s-tensile @ RT
≤ ¼ s-tensile @ T-use
≤ 2/3 s-0.2% @ RT
≤ 2/3 s-0.2 % @ T-use

Courtesy: A. Kumar
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A Reference:  A. Kumar et al., presented at SRF Conference in 2021.

2023/1/27 54


