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Outline: SCRF

• High Gradient Superconducting RF R & D:
– Cavities
– Cryomodules
– Industrialization
– System Test

• Siting 
• Design Optimization
• Beam Test Facilities
• Next Steps
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Gradient: Primary Cost Driver
Linac and Civil: 75% cost

R & D objectives:
1) Transfer technology 
2) Industrialization

Graphics by 
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Gradient: Primary Cost Driver
Linac and Civil: 75% cost

R & D objectives:
1) Transfer technology 
2) Industrialization

• Feasibility DEMONSTRATED (2000 – 2005)
• Challenge: deploy and industrialize 

technology in each region
• Realistic in-kind cost models independently 

developed in each region 
• Prepare for project approval process in each 

region

Graphics by 
Rey. Hori



The ILC SCRF 
Cavity:

Higher 
Order 
Mode 
extraction

Power 
Coupler 
Port

Tuner

Cryogen fill pipe

Field 
Probe

Graphics by 
Rey. Hori

• 9 cell 1300 MHz SW cavity
• Formed, welded niobium sheet
• 2.4 mm thick
• 1 m long; 30 kg
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R

Electron Beam Welds

‘End Group’ of the 
9 cell sheet metal 
cavity

Gradient Limits in 
Vertical test:

• Quench (55%)
• Field Emission 

(19%)
• Q-slope (4%)
• (Other)

Rongli Geng, Jefferson Lab Kenji Saito, KEK

The ILC SCRF 
Cavity (2):



SRF: 1970 - 2011:
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SRF for ILC M ain Linac Value
C.M.  Energy 500 GeV

Beam Rep. rate 5 Hz

Pulse duration 1 ms

beam current 9 mA 

Av. f ield gradient 31.5 M V/m
+/- 20%

# 9-cel l  cavi ties 14,560
# cryomodules 1,680
# RF uni ts (10 M W Kly) 560

SNS, FLASH
LEP-II

HEPL

TRISTAN, 
HERA, CEBAF

EU-XFEL

ILC ??

• Gradient progress:
– Standardized recipe
– Electron beam welding
– Purification (thermal conductivity)
– Chemical polishing

Global Installed Voltage (β=1)

– High pressure, high purity 
rinsing

– Diagnostics
– Mechanical grinding 

/tumbling: surface repair

from Hasan Padamsee – SRF2011



Standard Procedure Established for 
Surface Processing

Standard Fabrication/Process
Fabrication Nb-sheet purchasing 

Component  Fabrication

Cavity assembly with EBW  

Process EP-1  (~150um)

Ultrasonic degreasing with detergent, or 
ethanol rinse

High-pressure pure-water rinsing

Hydrogen degassing at > 600 C 

Field flatness tuning

EP-2  (~20um)

Ultrasonic degreasing or ethanol 
(or EP 5 um with fresh acid)

High-pressure pure-water rinsing

Antenna Assembly 

Baking at 120 C

Cold  Test 
(vertical test)

Performance Test with temperature  and 
mode measurement

8A. Yamamoto, SRF-110725 Advances in ILC-SRF

Key Process
Fabrication
• Material 
• EBW
• Shape
Process 
• Electro-Polishing

• Ethanol Rinsing or 
• Ultra sonic. + 

Detergent Rins.

• High Pr. Pure Water 
cleaning

allow twice
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Key Process
Fabrication
• Material 
• EBW
• Shape
Process 
• Electro-Polishing

• Ethanol Rinsing or 
• Ultra sonic. + 

Detergent Rins.

• High Pr. Pure Water 
cleaning

allow twice

Niobium:
• Refractory metal 

– Extraordinary resistance to heat and wear
– Chemically inert

• Extremely ductile and soft (esp. pure Nb)
• Oxygen getter - contaminant

– Tempering process introduces impurity
• Prone to ‘cold weld’ with many metals



0

5

10

15

20

25

30

35

40

45

Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06

E
ac

c[
M

V
/m

]

BCP
EP
10 per. Mov. Avg. (BCP)
10 per. Mov. Avg. (EP)

02.06.2006
Lutz Lilje   DESY -MPY-

Vertical Cavity Test Results: 1995-2006

103 cavities / 434 tests
4.21 tests/cavity average
DESY: Establishing the basic recipe

ACID ETCH
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MOOCA01 Production and Testing Experience with the SRF 
Cavities for the CEBAF 12 GeV Upgrade, C. Reese et al 

Vertical Test; 1500 MHz 7 cell
Processed using ILC recipe



JLAB 12 GeV  Upgrade 
(halfway)
Charlie Reece
Presented: SRF2011

MOOCA01 Production and Testing Experience with the SRF 
Cavities for the CEBAF 12 GeV Upgrade, C. Reese et al 

Vertical Test; 1500 MHz 7 cell
Processed using ILC recipe



Production model: estimated yield
Global Cavity 
Vertical Test Result 
Database – led by
Camille Ginsburg 
(Fermilab)

July 2009

MOPC085 Establishing High Yield for High-gradient Cavities Felix Schlander
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Production model: estimated yield

March 2011
100%

0%

50%

>30 >40>20>10

Global Cavity 
Vertical Test Result 
Database – led by
Camille Ginsburg 
(Fermilab)

41 cavities; 
1.75 tests/cavity average
>35 MV/m yield 56%
35MV/m +/- 20% yield: 75% July 2009

MOPC085 Establishing High Yield for High-gradient Cavities Felix Schlander



Production model: estimated yield

March 2011
100%

0%

50%

>30 >40>20>10

Global Cavity 
Vertical Test Result 
Database – led by
Camille Ginsburg 
(Fermilab)

41 cavities; 
1.75 tests/cavity average
>35 MV/m yield 56%
35MV/m +/- 20% yield: 75% July 2009

Sept. 2009

MOPC085 Establishing High Yield for High-gradient Cavities Felix Schlander
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Quench limit:

(55% in vertical test)
• Typically one cell limits the entire cavity 

– (other cells near nominal ~28-44 MV/m)
• Limiting defects:

– Fabrication-caused geometric irregularities 15-25 
MV/m (0.2-1 mm Ø) at or near the equator weld: 
• Observed and uniquely identified: Can be repaired

– > 25 MV/m: not correlated with observable features
• Diagnostic tools 

IPAC11 Monday 05 September 2011 Marc Ross, Fermilab 17
MOPC111
Progress of ILC High Gradient SRF Cavity R&D at Jefferson Lab
Rongli Geng



• Camera: 

• Image and Repair

Graphics by 
Rey. Hori

Second-Sound
– Quench location

• Thermal/radiation mapping
– Carbon resistors and PIN diodes



Local 
Grinding:

IPAC11 Monday 05 September 2011 Marc Ross, Fermilab 19

Grinder head (6 mm)
(Scotchbrite pads)



Local 
Grinding:
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Grinder head (6 mm)
(Scotchbrite pads)

Standard recipe yield (2010):
• 35MV/m +/- 20%: 75%
Including repair of identified cell weld fabrication defects:
• 35MV/m +/- 20%: 90%
• (local grinding or tumbling)

2012 GOAL PRODUCTION YIELD ≡ 90%



Cryomodule

IPAC11 Monday 05 September 2011 Marc Ross, Fermilab 21

2006-2011:
• KEK S1 Global
• Fermilab CM-1
• Desy 9 each 

(XFEL prototypes)

DESY CM prototype: 
PXFEL1:  <V> ~ 32 MV/m
exceeds ILC target 31.5 
MV/m

Graphics by 
Rey. Hori
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ILC Goal 31.5 MV/m

DESY
IHEP Beijing



30 June, 2011 23

MHI-09
MHI-07

MHI-06
MHI-05AES004 ACC011 Z108 Z109

FNAL DESY KEK

S1 Global Cryomodule (STF – KEK)
ave. Eacc,max
VT   : 30 MV/m

1 cav : 27 MV/m
7 cav : 26 MV/m

D

C

D : Detune
C : Coupler

D

MOODA02 S1-Global Module Tests at STF/KEK Eiji Kako
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CM-1 Comparative GradientsComparison of CM-1 Cavity Gradients
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System Test: FLASH (DESY)

ILC PAC,Taipei, 20 May 2011 Marc Ross, Fermilab 25

Cavity Gradient Limits
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System Test: FLASH (DESY)
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Cavity Gradient Limits
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System Test Facility construction now underway:
NML (Fermilab) completion 2012
STF (KEK) completion 2013
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FLASH Beam Loading Tests – 02.2011



Achievements: SRF Linac – ‘FLASH’ (DESY)
(Sept 2009)

Metric Goal for ‘9mA’ study Achieved (Sept 2009)
Macro-pulse current 9 mA 9 mA

Bunches per pulse 2400 x 3nC 1800 x 3nC
~2400 x 2nC

Cavities operating at high 
gradients, close to limit Up to 38Mv/m 4 cavities > 30MV/m

Energy Stability 0.1% at 250 GeV (ILC) <0.5% p-p (0.8 ms)
~0.13% rms (5 Hz)

28Contribution: J. Carwardine, ANL

Phase and energy stability achieved at 80% RDR baseline current

ILC Main Linac design TTF/FLASH (2009)
Energy / Cavities / avg. G 250GeV / 8K / 31.5MV/m 0.8 GeV / 48 / 16 MV/m

THPC081 Status of the Free Electron Laser FLASH at DESY M. Vogt



ILC-SCRF Industrialization Model 

Regional 
Hub-Lab:
E, & … 

Regional 
Hub-Lab:

A

Regional 
Hub-Lab:

B

Regional 
Hub-Lab:

D

World-wide
Industry responsible for

‘Build-to-Print’ manufacturing
Includes:

Cavity/Cryomodule Fabricators 
Sub-component Suppliers

Material Venders

ILC Host-Lab

Regional Hub-Lab:
C: responsible for 
Hosting System 

Test  and
Gradient 

Performance

Technical Coordination
(for Lab- Consortium) 

: Coordination link 
: Procurement link 



* (or soon to be)

Global Industrial Cavity 
Fabrication Partners –

qualified*

2 Europe
3 Americas
4 Asia



* (or soon to be)

Global Industrial Cavity 
Fabrication Partners –

qualified*

2 Europe
3 Americas
4 AsiaEU-XFEL (at DESY):

• European companies to make 800 
cavities in next few years
• (600 contracted for delivery 

before 2014)
• 100 cryomodules to be assembled 

at Saclay



Outline: Siting

• High Gradient Superconducting RF R & D
• Siting  Civil Engineering

– Tunnel configuration studies:
• Deep twin; Deep single; shallow construction; mountain 

region

– Specific site studies (2) underway in Japan
– Interconnection between site topography and 

HLRF
• Design Optimization
• Beam Test Facilities
• Next Steps

IPAC11 Monday 05 September 2011 Marc Ross, Fermilab 32



山岳地帯トンネル比較

110809, A. Yamamoto ILC-SCRF-Global-Effort 33

Courtesy: A. Enomoto, M. Miyahara

Mountain Region Tunnel 
Configurations



Linac Configuration Study - US

Marc Ross, Fermilab 34

Courtesy: V. Kuchler, T. 
Lackowski, T. Lundin



TUPC017 Civil Engineering Studies for Major Projects after LHC
John Andrew Osborne

31 km, ~100 m deep



今年度の検討課題

110809, A. 
Yamamoto

ILC-SCRF-Global-Effort 36

米里地
点

中間地
点

砂鉄川地点

東北地域
九州地域

Courtesy: A. Enomoto, M. Miyahara

Courtesy: 
H. Yamamoto
T. Sanuki

Courtesy: 
K. Kawagoe
A. Sugiyama



今年度の検討課題

110809, A. 
Yamamoto
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米里地
点

中間地
点

砂鉄川地点

東北地域
九州地域

Courtesy: A. Enomoto, M. Miyahara

Courtesy: 
H. Yamamoto
T. Sanuki

Courtesy: 
K. Kawagoe
A. Sugiyama

Far west Japan 
(Kyushu)

Northeast 
(Tohoku)

Site Geological studies - 2011



Outline: Design Optimization

• High Gradient Superconducting RF R & D:
• Siting 
• Design Optimization- Four ‘Top-Level’ Changes:

1) Allow gradient spread
2) Single tunnel main linac

• Alternate HLRF schemes

3) Reduce beam power (number of bunches)
4) Central region – relocate positron source

• (from mid-linac baseline location)

 Cost reduction ~ 12% total
• Beam Test Facilities
• Next Steps 38
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Graphics by 
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MOPC156 Operation Test of Distributed RF System with Circulator-less Waveguide 
Distribution in S1-Global Project at STF/KEK Eiji Kako
MOPC155 Performance of the Micro-TCA Digital Feedback Board for DRFS Test at KEK-STF 
Eiji Kako

KEK



downstreamupstream
shaft

CTO

surface rf power cluster building

• service tunnel eliminated

• underground heat load greatly reduced

accelerator tunnel TE01 waveguide

surface

~1.06 km~1.06 km

Klystron Cluster System Basic Layout
•Main linac rf power is produced in surface buildings and 
brought down to and along the tunnel in low-loss 
circular waveguide.
•Many modulators and klystrons are “clustered” to 
minimize surface presence and required shafts.
•Power from a cluster is combined and then tapped off 
in equal amounts at 3-cryomodule (RDR rf unit) intervals.

9/5/2011 42ALCPG11

‘KCS’



. Resonantly power a 0.5 m diameter, pressurized (1 atm N2), 10 m long aluminum pipe to 
300 MW TE01 mode field equivalent in 1 ms pulses

CTO (Coaxial Tap-Off)

determines 
coupling

Klystron Cluster Scheme Tests

10 m Resonant pipe-operational

ACTUAL CTO’s
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Few hundred hours 300 MW 
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C. Adolphsen
C. Nantista

SLAC
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MOOCA03 Updates to the International Linear Collider 
Damping Rings Baseline Design S. Guiducci

Reduced bunch num
Circumference 6.4  3.2 km

Greatest cost reduction



IPAC11 Monday 05 September 2011 Marc Ross, Fermilab 45



Outline: Beam Test Facilities

• High Gradient Superconducting RF R & D
• Siting 
• Design Optimization
• Beam Test Facilities

– CesrTA (Cornell)
• Simulation and demonstration of electron cloud 

mitigation in different field regions

– ATF2 (KEK)
• Tuning strategy convergence demonstration – 2012/13
• Demagnification demonstrated – FFTB (1995)

• Next Steps
IPAC11 Monday 05 September 2011 Marc Ross, Fermilab 46



Cesr TA (Cornell) Electron Cloud Mitigations:

May 20, 2011 ILC Physics Advisory Committee Meeting - Taipei, Taiwan 47

Drift Quad Dipole Wiggler VC Fab
Al    CU, SLAC

Cu   CU, KEK,
LBNL, SLAC

TiN on Al    CU, SLAC

TiN on Cu  , ✗ CU, KEK,
LBNL, SLAC

Amorphous C on Al  CERN, CU

NEG on SS  CU

Diamond-like C on Al  CU, KEK

Solenoid Windings  CU

Fins w/TiN on Al  SLAC

Triangular Grooves on Cu  CU, KEK,
LBNL, SLAC

Triangular Grooves w/TiN on Al  CU, SLAC

Triangular Grooves w/TiN on Cu  CU, KEK,
LBNL, SLAC

Clearing Electrode  CU, KEK,
LBNL, SLAC

 = installed Jan 2011 = chamber(s) deployed✗ = deployed in CESR Arc, Jan 2011
MOPS083 Update on Electron Cloud Mitigation Studies at CesrTA J. Calvey



Wiggler Observations

May 20, 2011 ILC Physics Advisory Committee Meeting - Taipei, Taiwan 48

0.002”
radius

Electron Cloud Profile vs Energy

Electron Cloud Supression – W electrode

Electron 
Cloud 
density vs
beam 
current



EC Working Group Baseline Mitigation Recommendation
Drift* Dipole Wiggler Quadrupole*

Baseline 
Mitigation I TiN Coating Grooves with 

TiN coating Clearing Electrodes TiN Coating

Baseline 
Mitigation II

Solenoid 
Windings Antechamber Antechamber

Alternate 
Mitigation NEG Coating TiN Coating Grooves with TiN

Coating
Clearing Electrodes 

or Grooves
*Drift and Quadrupole chambers in arc and wiggler regions will incorporate 

antechambers

EC Working Group Baseline Mitigation Plan

Mitigation Evaluation conducted at satellite meeting of ECLOUD`10
(October 13, 2010, Cornell University)

TUPC030 Recommendation for Mitigations of the Electron Cloud Instability in the ILC M. Pivi
MOPS084 Status of Electron Cloud Dynamics Measurements at CESR-TA M. Palmer

• Preliminary CESRTA results and simulations suggest the presence of sub-
threshold emittance growth

- Further investigation required
- May require reduction in acceptable cloud density  reduction in safety margin

• An aggressive mitigation plan is required to obtain optimum performance 
from the 3.2km positron damping ring and to pursue the high current 
option  



ATF2 pseudo-IP Interference Fringe 
beam size monitor optics

50TUPC119 A Comprehensive Study of Nanometer Resolution of 
the IPBPM Y. Kim

December 2010



IP Tuning 
sequence –

ATF2

TUPC016 Status of the ATF2 Lattices E. Marin
MOPO017 Latest Performance Results from the FONT5 Intra-train 
Position and Angle Feedback System at ATF2 G. Christian

Goal:

G. White
SLAC



Outline: Next Steps 2012-15
• High Gradient Superconducting RF R & D:
• Siting 
• Design Optimization
• Beam Test Facilities
• Two primary missions proposed:

– Accelerator Design and Integration:
• Incorporate new R & D results; develop options for 

running at other energies; analyze site specific designs
– Coordination of R&D on improving the performance and 

reducing the cost of the SCRF systems.
• Deploy SRF linac test facilities for value engineering 

aimed at reducing the remaining cost risk and pursuing 
higher gradient for ~1 TeV extension of ILC.



24-Aug-11                              
ILCSC -Mumbai

Global Design Effort 53

CY
Technical Design Report completeBaseline established

2011 2012 2013 2014 20162010

ILC

2015

Technical design & R&D program

2017 2018

ILC possible timeline

SRF system tests

TDR reviews

Site EOI’s

Cost Estimating

Decision to proceed

Site/host established

Project Implementation Plan complete XFEL operation

LHC

Physics Run 1 Physics Run 2Interconnect repair

Existence of low-
lying SUSY known

Higgs energy 
scale known

Timegap ???Timegap?

Interim Report



• MOPC085 Establishing High Yield for High-gradient Cavities Felix Schlander
• MOPC111 Progress of ILC High Gradient SRF Cavity R&D at Jefferson Lab Rongli Geng
• MOODA02 S1-Global Module Tests at STF/KEK Eiji Kako
• THPC081 Status of the Free Electron Laser FLASH at DESY Mathias Vogt
• TUPC017 Civil Engineering Studies for Major Projects after LHC John Andrew Osborne
• MOPC156 Operation Test of Distributed RF System with Circulator-less Waveguide 

Distribution in S1-Global Project at STF/KEK Eiji Kako
• MOPC155 Performance of the Micro-TCA Digital Feedback Board for DRFS Test at KEK-

STF Eiji Kako
• MOOCA03 Updates to the International Linear Collider Damping Rings Baseline Design 

Susanna Guiducci
• MOPS083 Update on Electron Cloud Mitigation Studies at CesrTA Joe Calvey
• TUPC030 Recommendation for Mitigations of the Electron Cloud Instability in the ILC Mauro 

Pivi
• MOPS084 Status of Electron Cloud Dynamics Measurements at CESR-TA Mark Palmer
• TUPC119 A Comprehensive Study of Nanometer Resolution of the IPBPM YoungIm Kim
• TUPC016 Status of the ATF2 Lattices Eduardo Marin
• MOPO017 Latest Performance Results from the FONT5 Intra-train Position and Angle 

Feedback System at ATF2 Glen Christian

(some) ILC – related presentations 
IPAC11:
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