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Approach to this presentation 

• Part 1: Process, Parameters and machine overview 

– N. Walker 

 

• Part 2: The Main Linac and the adaptation of the 

generic design to specific sites.  

– M. Ross 

 

 

 

• [See also CFS Siting Studies (site development) by 

V. Kuchler] 
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Timeline to establish TDR baseline 

• Top-Level Change Control (TLCC) process 
– high-level layout decisions with broad sweeping 

implications 

– Based on SB2009 proposal (cost constraint) 

– Proposals established at Baseline Assessment 
Workshops (BAW) 

– Decision level (after review) – Director 

BAW 1 & 2 7-10.09.2010  KEK • Average accelerating gradient (31.5 MV/m) 

• Supported operational gradient (≤ ±20%) 

• Single Main Linac Tunnel variants 

• Approach to RF power generation and distribution (KCS, 

DRFS, RDR as back-up) 

BAW 3 & 4 18-21.01.2011 SLAC • Relocation of undulator-based positron source to central 

region 

• Reduced beam power option (smaller DR, less installed 

RF power) 

• Parameters for Ecm < 500 GeV (10-Hz mode for e+ 

production) 



Timeline to establish TDR baseline 

• Next-Level Change Control process 
– lower-level technical details for baseline (many!) 

– Systematically review of every system (Baseline Tech. Reviews) 

– Affect decisions (down-selects) where necessary 

– Consolidate parameters, documentation etc (EDMS) 

– Decision level (after review) – Project Managers 

BTR 1 6-8.07.2011 INFN • Damping Rings 

BTR 2 24-27.10.2011 DESY • Electron Source 

• Positron Source 

• RTML (bunch compressor) 

• Beam Delivery System and MDI 

BTR 3 19-20.01.2012 KEK • SCRF Technology 

• Main Linac layout 

BTR 4 20-23.03.2012 CERN • CFS (concluding review) 

• Civil construction 

• Mechanical and Electrical Systems* 

• (Site variants) 

• Schedule, installation, alignment 

• Detector Hall 

* included an external review of electrical and mechanical systems 



General Approach 

• Attempt to include all stakeholders 

– BAW / BTR open workshops 

– Physics and detector groups always represented 

 

• Maintain a transparent process 

– summaries and good documentation 

 

• Cost impact always explicitly included in 

review and analysis 

– cost consciousness 
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Approach for TDR (and this talk!) 

• Top-level parameters 

• Accelerator layout 

– lattice 

– geometry 

– parameters 

– etc. 

• CFS requirements 

– Central region (source, BDS, DR) 

– RTML (bunch compressors) 

 

 

• Civil engineering solutions 

– topography 

– geology 

• Main linac layout 

• RF power distribution ( CFS) 
Site Dependent Design

Mountainous 
Topography

(using distributed 
MBK)

Flat Topography
(using KCS)

Site-Specific 
CFS

Site-Specific 
CFS

Core Generic Design

Top-Level 
Parameters

Accelerator Design 
and Layout

(lattice)

Common CFS 
criteria

Common Tech/
Global systems 

design

cost effective tunnelling 

methods 

this talk 

see part 2 - M. Ross 
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TDR Luminosity Parameters 

• Nominal based on 
SB2009 with nb = 1312 

 

• Dropped travelling 
focus scheme 
– technical difficult to 

implement 

– very high disruption 
parameter  high risk 

 

• Adjusted vertical 
disruption ~25 
– vertical by* 

 

• Reviewed collimator 
wakefield and 
emittance growth 
issues  
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TDR Luminosity Parameters 

• Low energy running 

parameters 

 

• 10-Hz mode for e+ 

production 

– e- source 

– damping rings 

– e- bunch compressor 

– e- linac 

 

• BDS FFS Reduced 

bx* 

– short final doublet 

– increased collimation 

depth 

– (R&D needed) 

0	

1	

2	

3	

4	

5	

0	 100	 200	 300	 400	 500	 600	 700	 800	 900	1000	

nominal 

   

    upgrade 

lu
m

in
o
s
it
y
 ×

1
0

3
4
 c

m
-2

s
-1

 

Ecm (GeV) 



TDR Luminosity Parameters 

• Luminosity upgrade 
considered 

 

• Double the number of 
bunches per pulse 

– nb = 2625 

– (original RDR number) 

 

• Additional RF 
– Approximately 50% more 

klystrons and modulators 

– 5.8 mA  8.8 mA 

 

• Possible addition of third 
damping ring 

– 2nd e+ ring 

– electron cloud constraint 

 

• ×2 Pbeam ≠ ×2 PRF 

– higher current = higher efficiency 
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TDR Luminosity Parameters 

• TeV upgrade 

considered 

 

• Two parameter sets 

proposed to Physics & 

Detector community for 

study 
– high beamstrahlung (~10%) 

– low beamstrahlung (~5 %) 

 

• Attempt to cap required 

site power to ≤300 MW 
– 4 Hz rep rate 

– (slightly) reduced beam 

current (from L upgrade) 0	
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Footprint 

• Overall length unchanged from 
RDR 

 

• Central region integration 
– sources 

– damping rings (3.2km sharing tunnel) 

– BDS & detectors 

– main dumps 

 

• Remainder (‘off campus’) 
– linacs 

– bunch compressors 

– (turn around) 

central region 



SCRF Technology Cavity Package 

• ML SCRF BTR 
– KEK Jan 2012 

 

• Reviewed 
– cavity design (including 

production process) 

– Helium tank and 
magnetic shield 

– High power coupler 

– Mechanical tuner 

– Plug compatibility 
interfaces 

– … 

 

 

TESLA elliptical cavity 

Blade tuner 

TTF Type III coupler 



(1) Tuner 

TDR Baseline 
candidate 

Blade tuner 
 

Slide-jack tuner 
 

Design Concept Twist mechanism with torsion 
plates + LV-piezo + 
motor&gear-inside 

Stiff end-plate + stiff slide-jack 
+ HV-piezo + drive-
feedthrough&motor-outside 

merit fine step with small backlash Small LFD small piezo stroke,  
motor maintenability 

drawback He-jacket-bend-risk at tuner 
(Jacket center) 

Precise mechanics alignment 
required, Mechanics heavy 

demonstration S1-Global FNAL 
cavities(27MV/m), FNAL 14 
cavities HTS test for CM-
2(35MV/m) 

STF phase-1 cavities, S1-Global 
KEK cavities(38MV/m) 

failure (need 
design upgrade ) 

Motor-gear connection slip, 
piezo breakdown, drive CuBe 
screw stuck, motor wire short 

mechanical stuck by slide-slope 
bending(weld-bend) 

Cost (cost ratio)                             

Choice/decision   choice, because of low cost 
H. Hayano ML BTR Jan 2012 



(2) Coupler 

TDR Baseline 
candidate 

TTF-III coupler  
(RDR baseline) 

KEK coupler 
 

Design Concept Two cylindrical window, 
coupling tunable 

Two disk window, no outer 
bellows in cold part but tunable 

merit Wide coupling range, low heat 
load 

High power capability window, 
easy handling of cold part 
installation 

drawback Complex installation jig and 
procedure required 

demonstration FLASH cryomodules, S1-Global, 
FNAL CM-1 
(>50 couplers) 

STF phase-1, S1-Global KEK 
cavities (8 couplers) 

failure Bolts stuck in disassembly High heat load, breakdown, 

Cost                         

Choice/decision choice, because of well 
established power 
transmission with low heat 
load. 

H. Hayano ML BTR Jan 2012 



SCRF Technology Cryomodule 

• ML SCRF BTR 
– KEK Jan 2012 

 

• Reviewed 
– Cryomodule design & 

cryogenics 

– Approach to 5K heat 
shield 

– SCRF quadrupole 
package 

– … 

 

 

TESLA-like cryomodule (type 4) 

splittable conduction 
cooled quad 



SCRF Technology RF Power Source 

10MW Multibeam Klystron Marx modulator (2nd prototype at SLAC) 

Since last PAC meeting, the Distributed 

RF Source (DRFS) approach (850 kW 

MAK) has been dropped as a baseline 

option due to the adoption of the 

Kamaboko tunnel concept for the 

mountain-topography  

 Part 2 

Single tunnel 

DRFS 

“Kamaboko” 



Damping Ring: lattice and layout 

Special 10-Hz mode considerations: 

• faster damping time (wiggler, RF) 

• additional 15% RF overhead for 0-500 mA beam transient 



April 26, 2012 

• DTC04 Lattice Evaluations 

• Magnet Design & Layout Review 

• Costing 
DA with  

misalignments 

& field errors Rubin/ 

Shanks 

DR Magnets 

J. Conway 

C. Spencer 



Vacuum (E-Cloud) 

• 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 

April 26, 2012 



Polarised Electron Source 

(central region) 

• Concept and parameters unchanged from 
RDR 

• Integrated into common tunnel with e+ BDS 

• Spec’d for 10-Hz operation (CF requirements) 

 



Positron Source (central region) 

• Final configuration TLCC (BAW-4) 

• Concept unchanged from RDR 

• Integrated into central region tunnel 

– 250 GeV low-emittance target bypass dogleg 

• Includes low charge aux. source 

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

10-Hz mode dump line 

not shown 



BDS and MDI 

• Geometry unchanged from RDR 
– compatible with TeV upgrade (additional magnets) 

 

• Lattice design work to match TDR parameters on going 
– finished end of summer 

 

e- BDS e+ source 



IR region (Final Doublet) 

• FD arrangement for push pull 
– different L* 

– ILD 4.5m, SiD 3.5m 

 

• Short FD for low Ecm 

– Reduced bx* 
• increased collimation depth 

– “universal” FD 
• avoid the need to exchange FD 

• conceptual - requires study 

 

• Many integration issues remain 
– requires engineering studies beyond TDR 

– No apparent show stoppers 

BNL prototype of self 

shielded quad 



MDI (Detector Hall) 

• Detector Hall developed to 

support 

• Push-pull 

• Detector assembly 

concept 

 

• Site-dependent solutions 

( V. Kuchler) 

 

Flat-topography detector 

hall concept 

Mountain-topography 

detector hall concept 



Central Region 

Example: Flat Topography The central region 

beam tunnel remains 

a complex region. 

 

Complete, detailed 

and integrated 

lattices are now 

available  

 

(independent of site) 

Generic design used for geometry 

and generating component counts 

and CFS requirements. 

 

CFS (particularly CE) solutions are 

site-dependent! 
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Technical Design Documentation 
http://www.linearcollider.org/GDE/technical-design-documentation 

Publically accessible website portal 

for all TDD in ILC-EDMS 

 

• Parameter 

• Specifications 

• Drawings / diagrams 

• CAD models 

 

Includes important reports, such as 

• TLCC reports 

• BTR reports 

 

WBS-like structure. But still many key 

(mandatory) documents missing. 

 

TDD provides the details to support 

the TDR 



TDR Status 

15.11.2011 

TDR Part I: 

R&D 

TDR Part II: 

Baseline 

Reference 

Report 

Technical 

Design Report 

~250 pages 

~300 pages 

Executive 

Summary 

~50 pages pages 

Outreach 

Document 

~25 pages pages 

Nick Walker - PAC, Prague 

• First draft deadline (18.04) has 
come…and gone. 

• Draft text slowly arriving: 
– All CFS draft sections now received 

– Some of the introduction and overview 
material is available 

• Still missing 
– SCRF chapters 

– Positron source, Bunch compressors, 
Damping Rings, BDS/MDI 

• Many promises received at KILC 12 
workshop 

– Everybody knows what they have to do 

 

 

• However, still on schedule for a 
complete draft to PAC by November 18 

– Formal publication at Lepton Photon in June 
2013 

 



Summary 

• Complete TDR baseline now established 
– 2 year process – consensus from all stakeholders 

– Cost driven 

 

• Design and documentation more mature than RDR 
– builds on solid RDR basis 

– complete lattice and associated details 

– based on R&D results from TDP 

 

• Adaption to site dependent designs 
– significantly more advanced than RDR generic design 

 

• Provides solid basis for cost (re-)estimation 
– major update from RDR – see G. Dugan 

 

 


