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ILC Overview 
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SCRF Linac Technology  

1.3 GHz Nb 9-cellCavities 16,024 
Cryomodules 1,855 
SC quadrupole pkg 673 
10 MW MB Klystrons & 
modulators 436 / 471 * 

Approximately 20 years of R&D worldwide 
 Mature technology 
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SCRF Linac Technology  
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The Path to High Performance 

9-cell fabrication
(EBW)

Optical inspection
(inner surface)

Light etching 
(BCP)

100-120um EP

Cleaning

800 deg C bake

RF tuning

Light EP 
(20-30um)

Ethanol/
detergent rinse

1st HPR

Initial assembly
(clean room)

Final HPR

Final assembly
(clean room)

Leak check

120 deg C bake
(in situ)

Assembly of 
LHe tank

Pressure testing

cold low-power 
RF test

(vertical test)

70% yield 
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The Path to High Performance 

2nd Pass sub-mm 
surface 
defects 
 
equator weld 
(critical) 
 
<20 MV/m 

Field 
emission 
 
Thermal 
breakdown 
(quench) 
 
<35 MV/m 

90% yield 
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Cryomodule 

12.652 m (slot length) 

Cryomodules

3.7 CRYOMODULES

3.7.1 Overview

The accelerating gradient in the ILC main linac is supplied by over 16,000 9-cell supercon-
ducting RF cavities. These cavities are grouped into approximately 1,700 12.7 m long cry-
omodules. Each cryomodule holds nine cavities, their supporting structure, thermal shields,
associated cryogenic piping, and the insulating vacuum vessel. Every third cryomodule in
the main linac contains a superconducting quadrupole/corrector/BPM package in place of
the center cavity. Another 150 cryomodules are located in the e+ and e− sources and RTML
bunch compressors. Most of these are the standard linac configuration of 9 cavities or 8
cavities plus quad. A few have special configurations of cavities and quadrupoles.

3.7.2 Technical Description

The cryomodule design is a modification of the type developed and used in the TESLA
Test Facility (TTF) at DESY, with three separate vacuum envelopes. The ILC cryomodules
contain either nine 9-cell cavities or eight cavities plus a quadrupole package, and have a
uniform length of 12.652 m. The cavity spacing within this modified cryomodule is (6-1/4)
λ0 = 1.327 m. This facilitates powering the cavities in pairs via 3 db hybrids with reflection
cancelation in an alternate distribution scheme that may allow the elimination of circulators.
Present day accelerators with superconducting RF cavities typically have many separate
cryogenic supply boxes and associated warm-to-cold transitions, which represent a significant
fraction of the cost. The concept adopted for the ILC is to significantly reduce this number
by having a single long continuous string of about 2.5km—called a cryogenic unit—which is
connected to one cryogenic supply box at the beginning and one end box.

2K 
HGRP

2.2K 
SUPPLY

5K 
SUPPLY

40K 
SUPPLY

2K 2-Phase

BEAM 
AXISCOOL DOWN

WARM UP

8K 
RETURN

80K 
RETURN

Type 4 Cryomodule

FIGURE 3.7-1. Representative Cryomodule Cross-Section.

ILC Reference Design Report III-165

cavities (8) SC quad package Type-B module 
Type-A has 9 cavities and no quadrupole 
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Cryomodule at FLASH 
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High beam power and long bunch-trains (Sept 2009) 

Metric ILC Goal Achieved 
Macro-pulse current 9mA 9mA 

Bunches per pulse 2400 x 3nC (3MHz) 1800 x 3nC 
2400 x 2nC 

Cavities operating at high 
gradients, close to quench 

31.5MV/m +/-20% 4 cavities > 30MV/m 

Gradient operating margins (Feb 2012) 

Metric ILC Goal Achieved 
Cavity gradient flatness  (all 
cavities in vector sum) 

2% ΔV/V (800µs, 5.8mA) 
(800µs, 9mA) 

<0.3% ΔV/V (800µs, 4.5mA) 
First tests of automation for Pk/Ql control  

Gradient operating margin All cavities operating 
within 3% of quench limits 

Some cavities within ~5% of quench 
(800us, 4.5mA) 

First tests of operations strategies for 
gradients close to quench 

Energy Stability 0.1% rms at 250GeV <0.15% p-p (0.4ms) 
<0.02% rms (5Hz) 
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SCRF Linac Technology  
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DR: Vacuum (Electron Cloud) 

•  Reduction of electron cloud build-up in e
+ ring critical for ILC parameters 

•  Full e-cloud mitigation concepts included 
into vacuum design 

–  CesrTA (and other) R&D results 

•  Vacuum System Design/Costing 
–  Super-KEK-B VCs in production 

with similar designs to ILC DR 

DR Wiggler chamber concept with thermal spray 
clearing electrode – 1 VC for each wiggler pair. 

Conway/Li Y. Suetsugu 

SuperKEKB Dipole Chamber Extrusion 
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Chapter 6. Damping Rings

(a) (b)

Figure 6.9. (a) Wiggler vacuum chamber with clearing electrode and 20mm tall
antechambers with recessed NEG strips. (b) Wiggler section photon stop showing
sloping and grooved photon-absorbing walls [22].
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Figure 6.10. Side-by-side comparison of ILC DR vacuum chamber profiles. Dimen-
sions are in millimeters [22].

tall antechambers to match the wiggler chambers and minimize impedance issues.
The design is based on those previously specified for the DCO lattice [23, 24]. These
chambers have gradually sloping, grooved antechambers are shown in Fig. 6.9b to
dilute power density striking the photon stop. The gap between the sloping surfaces
opens to antechambers pumped with an ion pump and Titanium sublimation pumps
through ducts. An additional photon stop is required at the first bending magnet of
the arc after the wiggler straight to intercept the forward SR component.

The remaining straight sections have simple round aluminum vacuum chambers
with 50mm aperture and TiN coating as shown Fig. 6.10. Aluminum-stainless-steel
explosion-bonded transitions on the ends allow welding to stainless steel flanges. At
the ends of the straight drift sections, tapered chambers match to the sections with
antechambers.

Solenoid windings cover all accessible drift sections throughout the DRs to further
reduce the number of secondary electrons approaching the beam axis.
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Damping Rings 

Part II - The ILC Baseline Reference 8.2. Lattice description

electron ring as indicated in Fig. 8.2a and Fig. 8.2b.

Arc Cell 

April 24, 2012  4 

Magnets pre-assembled on I-Beam and transported into DR 
I-beam system used in Arcs, Wiggler Section, Chicane 
Allows for most alignment to take place outside tunnel 

 
 

Three ring optional upgrade shown 
(a)

Arc Cell 

April 24, 2012  4 

Magnets pre-assembled on I-Beam and transported into DR 
I-beam system used in Arcs, Wiggler Section, Chicane 
Allows for most alignment to take place outside tunnel 

 
 

Three ring optional upgrade shown 
(b)

Figure 8.2: Damping ring arc magnet layout with positron ring at the bottom and
electron ring directly above. A second positron ring would be placed above the electron
ring if required: arc a) quadrupole section layout and b) dipole section layout.

The superconducting damping wigglers [30] are based on the CESR-c design, with 14
poles and 30 cm period. The peak field of the 54, 1.875m long wigglers is 1.51T for a 24ms
damping time in the 5Hz mode and 2.16T gives a 13ms transverse damping time for 10Hz
operation. The horizontal emittance is near 0.5 nm-rad over the range of relevant wiggler
fields. 10 single-cell 650MHz superconducting cavities will be deployed in the baseline
configuration. For 5Hz operation, 8 of these cavities can provide a total of 14MV for a
6mm bunch length, even in the event of a single klystron failure. For 10Hz operation the
number of cavities is increased to 12 and the accelerating voltage to 22MV for the same
6mm bunch length. A phase trombone provides for adjustment of betatron tune and a
chicane for small variations of the circumference.

8.2 Lattice description

(Ed: Give reference to lattice in EDMS) Each arc in the DR consists of 75 cells, each
with one focusing and two defocusing quadrupoles placed symmetrically about a single
3m bend. Focusing and defocusing sextupoles are located adjacent to the corresponding
quadrupoles. There are one vertical, one horizontal, and a skew quad corrector in each cell
as well as two beam position monitors adjacent to the defocusing sextupoles, as shown in
Fig. 8.3a. Dispersion suppressors, at the ends of the arc, match the finite dispersion in the
arcs to zero dispersion in the straights. The dispersion suppressor beam line includes two
dipole bending magnets and seven quadrupoles. There is a skew quad corrector at each of
the two dipoles.

Acceptable values of the momentum compaction are bounded from below by the single
bunch instability threshold, and from above by the RF voltage required to achieve the

—DRAFT EC Melbourne— Last built: July 6, 2012 93

Positron ring (baseline)

Electron ring (baseline)

Positron ring (upgrade)

Arc quadrupole section Dipole section

Circumference 3.2 km 
Energy 5 GeV 
RF frequency 650 MHz 
Beam current 390 mA 
Store time 200 (100) ms 
Trans. damping time 24 (13) ms 

Extracted emittance x 5.5 µm 
(normalised) y 20 nm 

No. cavities 10 (12) 
Total voltage 14 (22) MV 
RF power / coupler 176 (272) kW 

No.wiggler magnets 54 
Total length wiggler 113 m 
Wiggler field 1.5 (2.2) T 

Beam power 1.76 (2.38) MW 

Values in () are for 10-Hz mode 

Many similarities to 
modern 3rd-
generation light 
sources 
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Positron Source (central region) 

•  located at exit of electron Main Linac 
•  147m SC helical undulator 
•  driven by primary electron beam 

(150-250 GeV) 
•  produces ~30 MeV photons 
•  converted in thin target into e+e- pairs 

not to scale! 

150-250 GeV
e- beam to BDS

150-250 GeV
e- beam

SC helical undulator

aux. source (500 MeV)

Photon
collimator

(pol. upgrade)

Target
Flux concentrator

Capture RF
(125 MeV) e- dump

photon
dump

Pre-accelerator
(125-400 MeV)

SCRF booster
(0.4-5 GeV)

spin rotation
solenoid

Energy
comp. RF

to Damping Ring

yield = 1.5 
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Polarised Electron Source  

•  Laser-driven photo cathode (GaAs) 
•  DC gun 
•  Integrated into common tunnel with positron BDS 
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Central Region Integration 

e- BDS 

e- BDS muon shield 
e+ main beam dump 

detector 

RTML return line 

e+ source 

Damping Rings 

3D CAD has been used to developed 
beamline layouts and tunnel requirements. 
 
Complete model of ILC available. 
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Japanese Sites	

-  GDE-CFS group visited two 
sites, Oct., 2011. 

-  GDE EC visit in Jan. 2012. 
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 Y. Okada - CPM12 Fermilab 
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250 GeV CM (first stage) 
Relative to TDR 500 GeV baseline 

Half linacs solution 
G = 31.5 MV/m 

POSITRON linac straightforward 
~50% ML linac cost (cryomodules, klystrons, 
cryo etc.) 
~50% ML AC power 
ELECTRON linac needs 10Hz mode for e+ 
production 
ΔE = 135 GeV instead of 110 GeV (+25 GeV) 
~57% ML linac cost (cryomodules, klystrons 
etc)  
 
10Hz needs (1/2 linac × 10Hz/5Hz):  

 100% ML AC power  
              (1/2 linac ×    10Hz/5Hz) 

 80% cryo cost  
              (50% static + 100% dynamic) 

Main Linac infrastructure 
Linac components: 50% 
Cryogenics:    65% 
RF AC power:  80% 
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1 TeV Upgrade 

Chapter 12. Possible upgrade and staging options
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Figure 12.3. Parallel construction stages for the TeV upgrade (scenario B). Construc-
tion of the main linac (yellow) extensions occurs in parallel to 500GeV operations,
requiring a minimum interruption to make the final connections and necessary instal-
lation work in the RTML (orange), positron source (green) and BDS (blue). Note that
the serial approach shown for the main linac extension construction is oversimplified,
and sections of tunnel would likely be constructed and installed in parallel.
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Access	  Tunnel	  ex.	  

22 

1 
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62.0 
61.9 61.9 61.9 61.9 

60.3 

Cavern	  ex.	  

Hall	  ex.	  

AH-‐1	  AH-‐2	  AH-‐3	  AH-‐4	   AH+1	   AH+2	   AH+3	   AH+4	  

120m/week 

250m/week 

100m/week 

Survey	  &	  supports	  set-‐out	  
Electrical	  general	  services	  
Piping	  &	  venAlaAon	  
Cabling	  
Supports	  
Machine	  installaAon	  

Beam	  Tunnel	  excavaAon	  
Concrete	  Lining	  

BDS	  Tunnel	  excavaAon	  
BDS	  Service	  Tunnel	  excavaAon	  

Invert	  &	  Drainage	  
Shield	  Wall	  

RTML	  
(1.35k
m)	  

e-‐BDS	  
(3.33km)	  

e+BDS	  
(2.25km)	  

RTML 
(1.35k

m)	  

e-‐	  Main	  Linac	  
(11.19km)	  

e+	  Main	  Linac	  
(11.07km)	  
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Future LC objectives 

•  Strongly support the Japanese initiative to 
construct a linear collider as a staged 
project in Japan.   

 
•  Prepare CLIC machine and detectors as 

an option for a future high-energy linear 
collider at CERN. 

•  Further improve collaboration between 
CLIC and ILC machine experts.  

 
•  Move towards a “more normal” structure 

of collaboration in the detector community 
to prepare for the construction of two high-
performance detectors.  
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CLIC CDR completed, see talk 
of Steinar Stapnes (some 
detector&physics issues in talk 
of Juan Fuster)  
 
Single slide in talk of Steinar 
Stapnes 
 
See talk of Juan Fuster 
concerning LC detector and 
physics studies – ILC DBD and 
CLIC CDR 
 



Summary and Outlook 
•    The TDR of the ILC accelerator has been submitted for peer  
review. It demonstrates that the ILC can be built tomorrow. 
•    Completion of the TDR marks the end of the GDE’s mandate.  
The Linear Collider Organisation led by Lyn Evans takes over from 
February. These milestones will be marked by “The International  
Linear Collider – A World-wide Event – From Design to Reality” –  
a rolling event across the 3 regions starting at 5pm local time on  
June 12th, 2013. The European event will be in the Globe at CERN. 
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•    Strong statements of interest to host ILC from the Japanese  
physics community. Timetable exists for decision to proceed in 
~ 2 years. Strong support from Europe, in the European  
Strategy, and US essential for this initiative to succeed.  


