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• The proposed site in Kitakami 

• Plans for the pre-construction phase, current activities 

• Fixing the Interaction Point location: 

horizontal vs. vertical access to experimental hall 

• Fixing the length: energy and gradient  

• Scenario for a 250GeV first stage 

• Outlook 

 

Outline of for this talk 
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The Kitakami Site 
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Geology and Topography 
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Perspective View 
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Candidates for the Interaction Point location 
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Current / Recent Activities 
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• April 8-10: Workshop in Tokyo between  

CFS (Conventional Facilities & Siting) and  

ADI (Accelerator Design & Integration) groups 

• Agenda: 

https://agenda.linearcollider.org/conferenceDisp

lay.py?confId=6342 

•  Focus: Pre-construction plan for the Kitakami 

site 

• 24 participants, 50/50 international/Japan 

https://agenda.linearcollider.org/conferenceDisplay.py?confId=6342
https://agenda.linearcollider.org/conferenceDisplay.py?confId=6342
https://agenda.linearcollider.org/conferenceDisplay.py?confId=6342
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We are 

here, but 

need more  

funds in 

Japan 

M. Miyahara 
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Options 

studied 
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determines  

location 



• Japan is really serious about the ILC, but nothing is decided yet 

• Planning resources very limited till FY 2015 (April 2015) 

• Pre-construction phase is 5 years – construction could start 2019/20 

• Detailed investigations (geology and environmental impact) have to 

start as soon as money is available  

• This requires decisions on 
• Location of IP / experimental hall 

• Total length of accelerator 

by the end of this year  

 

(My personal) summary of the situation in Japan 
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Staging 

 
All the world’s a stage, and we are merely players in it… 
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• A common misconception from the circular collider days: 

Even a little more energy costs a lot of money and watts, 

and reduces performance (lumi, beam lifetime, availability) 

• This is not true for a linear collider! 

• At a linear collider: 

a little more energy costs a little more money and a little more watts, 

at equal or improved performance (lumi goes up with E_beam) 

• For a helical undulator source: 

Around its design threshold energy, higher (“drive” beam) energy drastically improves 

performance (more production margin) 

• This means: The best operating energy for a Linear Higgs Factory is not necessarily “as 

close to threshold as possible”, in contrast to a circular machine! -> 270GeV may be easier 

than 235GeV 

• And: a 250GeV machine neither saves a huge fraction of money, nor does it produce a lot 

of luminosity easily! It is not a “Higgs factory” 

 

A Remark 
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• Higgs discovery triggered interest in ILC as Higgs-Factory 

• Higgs Production maximal around 235 GeV  

• Save initial cost and time by starting at ~250 GeV 

• This was proposed by JAHEP in Oct 2012 

 

Questions: 

• What is the expected performance at 250? 

• How much money and time can one save? 

 

Needs an Answer to this Question: 

• What is the “first stage” exactly? 

 

Motivation for a 250GeV 1st Stage 
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Report has to make some basic assumptions 

based on JAHEP Statement: 

• Running at 250GeV for Higgs production (“Higgs factory”) 

• Machine shall be upgraded to ~500GeV 

-> Build tunnel for full (500GeV) machine right away 

• Machine shall be extensible to 1TeV 

-> Keep the full-scale BDS 

 

The report considers a 250GeV first stage of the TDR baseline design for 500GeV, 

with the footprint of the full 500GeV configuration. 

 

It is assumed that machine runs at ~1+4 years at 250GeV, 

then is upgraded to 500GeV in a single step, taking ~1 year. 

 

Scope: What is the first stage exactly? 
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A big cliff avoided!  

Does this make 
sense? 
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https://ilc-edmsdirect.desy.de/ilc-

edmsdirect/file.jsp?edmsid=D00000001046475&fileClass=nati

ve 

 

Presented recently to directorate 

 

Discusses technical issues of possible 

staging scenarios – neither physics not 

political pros and cons are considered 

 

 

Report to the LCC Directorate 
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• Peak lumi: ℒ=0.75E34cm-2s-1  

-> assumed to be the same as for full linac at 

250GeV in baseline design 

• Assume 4 year ramp-up of luminosity (plus 

year 0): 10%, 30%, 60%, 100% 

-> Σyears 1-3 = 1 full year 

• Assume 8 months running @ 75% availability 

per year 

-> 1.6E7 seconds per year 

• 4 years result in 240fb-1  

• Consistent with “rule of thump”: 

first 4 years give 250fb-1 at 250GeV, 

350 at 350, 500 at 500… 

• But note: after commissioning, one gets 

these data sets every 2 years! 

Performance (Luminosity) Estimate 
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240fb-1  

50fb-1  



A fuller analysis, and a realistic design, require input from the parameters 

group. 

 

• What is the real energy for the full machine? 500? 550? 600? 

• How much integrated luminosity is needed at 250GeV? 

• How fast should one upgrade the energy? 3 years? 4? 

• What is the next energy step? 350? 500? 

• What is the first upgrade? Energy or luminosity (at 250 GeV)? 

 

-> Report from Parameter’s Group tomorrow morning by Jenny 

 

 

Scope: Questions to the Parameters Group 
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MAIN LINAC 



• 3 cryomodules form “1 Main Linac  Unit” (38m long, 26 cavities, 1 quad) 

• 2 klystrons power 3 ML units (9 cryomodules) 

• 3 ML units supplied by one cold box  

-> 1 “Short Cryo String” (116m, 9cryomodules, 3 quads, 2.54GeV) 

 

• Short cryo strings are basic unit 

 

Main Linac Configuration 
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Schematic Main Linac Tunnel Layout 

Electron flight direction 

Bunch 

Compressor 

Positron 

Source 

Undulators 

Main Linac Cryomodules 

Cryo 

Plants 

PM-8 PM-10 PM-12 
Access Halls 
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Scenario A: 

Fill from upstream 

Scenario B: 

Fill from downstream 

Scenario C: 

Fill from Shafts 

Basic Choices 



• Baseline:  

γεy =20nm (DR exit) -> 35nm (IP) 

ML adds 5nm 

 

• Emittance growth scales as 1/γ 

• -> accelerate beam asap 

• Disfavours scenario B 

(increases emittance by 5nm  to 40nm at 

IP, 6% luminosity reduction) 

• Above 40 GeV (2km), growth is moderate 

• Scenarios A and C look OK 

Beam Dynamics: Emittance Growth 
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Scenario A: 

Fill from upstream 
• Optimal for beam dynamics 

Scenario B: 

Fill from downstream 
• Worst for beam dynamics 

 

Scenario C: 

Fill from Shafts 
• OK for beam dynamics 

 

Beam Dynamics 
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Scenario A: 

Fill from upstream 
• Optimal for beam dynamics 

• Helium transfer line needed 

• No spare cryo capacity at PM12 

Scenario B: 

Fill from downstream 
• Worst for beam dynamics 

• Helium transfer line needed 

• No spare cryo capacity at PM8 

 

Scenario C: 

Fill from Shafts 
• OK for beam dynamics 

• No  helium transfer line 

• Spare cryo capacities 

 

Cryogenic Spare Capacity 



• Scenarios A and C have each 2x2 cryoplants that are not needed for 

first stage 

• Will installation of these plants be staged? 
• 2 plants per shaft have operational advantages: 

‒ faster cooldown 

‒ Redundancy (during maintenance work) 

‒ -> Risk reduction 

• In scenario C, spare cryo power can be distributed over full Main Linac 

‒ makes accelerator operation easier (more operational margin) 

‒ Could be used to increase current / luminosity 

‒ Is that technically feasible? Cryoplant issues, Cryomodule specifications!  

-> needs study 

• Acquisition of plants at 500GeV upgrade would save some initial cost 

• What would be schedule impact if 2x2 plants are installed during upgrade 

work in addition to cryomodule installation? 

 

Cryogenic Plants 
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Scenario A: 

Fill from upstream 
• Optimal for beam dynamics 

• Helium transfer line needed 

• No spare cryo capacity at PM12 

Scenario B: 

Fill from downstream 
• Worst for beam dynamics 

• Helium transfer line needed 

• No spare cryo capacity at PM8 

 

Scenario C: 

Fill from Shafts 
• OK for beam dynamics 

• No  helium transfer line 

• Spare cryo capacities 

 

Initial Installation 



• Installation has not been not thoroughly investigated yet 

• Material (cryomodules) has to run through access tunnels 

• TDR install rate: 1600 CM / 1 year / 6 access shafts  

- ~ 1 CM / (day*shaft) -> not trivial 

• Installation would get easier (or faster) in staged scenario if still 6 shafts are 

used, but for reduced number of cryomodules 

• Same applies to upgrade to 500GeV 

• Assumption: Best to install cryomodules such that a free path to access shafts 

is left (start at center between shafts, work towards shafts) 

Installation 
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Baseline Configuration 
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Electron	Linac

PM-12 PM-10 PM-8
C C C C C

RTML 1282.5m 2446.2m 2446.2m 2446.2m 2446.2m coll.	sect e+	source
tot.

Long	strings 0 0 0 0 0 0

Short	strings 95 11 21 21 21 21

Cold	boxes 90 10 20 20 20 20

ML	units 285 33 63 63 63 63

Cryomodules 855 99 189 189 189 189

RF	stations 190 22 42 42 42 42

Beam	Energy 15 GeV

1286.4m

Positron	Linac

PM+12 PM+10 PM+8
C C C C C

RTML 1282.5m 2446.2m 2446.2m 2446.2m 2329.9m coll.	sect BDS
tot.

Long	strings 0 0 0 0 0 0

Short	strings 94 11 21 21 21 20

Cold	boxes 89 10 20 20 20 19

ML	units 282 33 63 63 63 60

Cryomodules 846 99 189 189 189 180

RF	stations 188 22 42 42 42 40

Beam	Energy 15 GeV

1286.4m 86.2m

11071.8m

86.2m

42.9 96.3 149.7 203.0 253.8

4907.8m 4907.8m

11188.1m

4907.8m 4791.4m

42.9 96.3 149.7 203.0 256.4



Scenario C: Hybrid 
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Scenario C: Fill from Shafts 

 

PM±12: 1 full cryoplants 

PM±10: 1 full cryoplant 

PM±8:   1 ML cryoplant at 62/60% 

 

Installation of all cryoplants allows 

running at 10Hz rep rate 

 

This is the preferred scenario which will 

be used as basis for future work, in 

particular lattice design 



• Energy staging changes schedule: 

Need 877cryomodules for 250 GeV, (500GeV baseline: 1841) 

• Production rate: 2/day x 3.5 years -> 1/day x 7 years 

 

• Cavities & cryomodules account for ~1/3 of the ILC cost 

-> cannot afford to make them more expensive! 

• Experience from industry: reducing production quantity by factor 2 

increases the price per item by 5-10% (learning curve)! 

• Ordering only half of the cavities and cryomodules would increase the 

overall project cost (for 500GeV) by several % (several 100M$)! 

• If cryomodule production is not stopped, cryomodules are available 

<3.5 years after end of installation (“year 0” + 2.5 years) 

 

Cryomodule Production Schedule / Logistics 
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• At 31.5MV/m gradient, all cryomodules online: 

e- beam reaches 129.3 GeV, 1% above (125+3.1)GeV needed 

e+ beam reaches 126.8 GeV, 1.5% above 125GeV 

• TDR baseline has 1.5% overhead to account for component failures 

 

• 125GeV is close to  
• Physics threshold 

• Operation threshold for positron source 

• -> falling 10% below design gradient would have very serious impact  

• Define additional safety margin to reduce risk 

• Re-evaluate assumed gradient?  

(is final gradient available from year 1 on?) 

Energy Overhead and Gradient 
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POSITRON SOURCE 



Positron Source Overview 
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• Positrons are produced from electron beam via helical undulator radiation  

-> requires minimum electron energy of 150GeV  

• Below 150 GeV, operation becomes difficult 
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e- linac 

Uses primary electron beam to generate ~30 MeV photons in a SC 

helical undulator 

 

Photons converted into e+e- pairs in “thin” titanium target 

 

Positron production yield dependent on e- beam energy (and 

therefore Ecm) 

e- to IP 

Positron Production 



• Baseline Positron Source: Requires 150GeV beam (300GeV CME) 

• TDR assumes “10Hz scheme” for CME below 250GeV: 

alternate electron beam for physics (< 125GeV) with 150GeV beam for 

positron production 

• 10Hz scheme uses excess cryo power available when running a 

250GeV accelerator at 125/150 GeV (half gradient) 

• => 10Hz scheme at a staged machine requires 
• Running electron Main Linac at full gradient at 10Hz 

• -> needs doubling of cryogenic power 

• Needs also 25GeV additional beam energy for e- linac 

• Also: 10Hz mode is challenging for machine operation, and requires 

more power -> not attractive 

Positron Source: Operation at low energies 
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• Required: yield 1.5e+ per 1e-, 

i.e. 50% operational margin 

• Yield drops to ~1 at 125GeV 

-> could run, but no margin 

• TDR baseline: 

147m long undulator, 

231m available space 

• Could install more undulator 

modules (43->66) in available 

space 

• Would permit operation at 250GeV 

without need for 10Hz scheme 

• Energies below 250GeV still 

challenging -> is this needed? 

Positron Source: Yield 

29.04.2014 Author, Title 40 



• Proposal: Increase undulator length to 231m  

• Does not change footprint of machine compared to TDR 

• Allows “regular” operation with 125GeV electron beam 

• Increases cryo power needed for undulators 

 

• Operation below 200-250 GeV requires alternating beams for physics 

and e+ production (“10Hz scheme”), at full ML gradient 

• needs doubled cryogenic power in ML,  

or reduced pulse frequency -> reduce luminosity by factor 2 

 

• An additional, electron-driven source would be most valuable in this 

first stage: risk reduction, easier operation 

Positron Source: Summary 
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Baseline Schedule 
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Study for Staged Schedule (M. Gastaal, CERN) 
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Expected shortening of 

construction period: ~9 

months 

May put detectors on 

critical path! 



Major systems costs 

29.04.2014 Author, Title 44 

~50% 

x 0.47 

- 23% 



• Reduce cryomodule and 

HLRF spending rate 

• Extend spending by 4 

years 

• Peak spending rate drops 

by 200MILCU/year (16%) 

 

• Increase of overall budget 

due to transfer line and 

larger undulator ~1.1% 

Spending Profile 
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• Staging scenario considered:  
• full tunnel for 500GeV machine, full BDS for 1TeV operation 

• 53% cryomodules in ML for 1st stage 

• Extended undulator for positron production at 250GeV 

• Running at 250GeV for ~5 years gives 250fb-1,  

but more cryomodules may be ready after 3years, i.e. ~50fb-1! 

• Then upgrade in one step to 500GeV, about 1 year shutdown 

• Cryomodule production is never stopped 

• Physics requirements (exact energy, integrated luminosity) needed 

from parameters group 

• Design decisions: ML configuration, cryoplant staging? 

• Revised / refined production and installation schedule needed for CFS 

requirements: storage/staging areas, transport capacities 

• Cryomodule production plan has large impact 
 

Conclusions 

29.04.2014 B. List, Energy Staging 46 



• Drive for a initial 250GeV stage is more political than accelerator driven (which 

makes the 250GeV stage more likely…) 

• A 250GeV stage reduces peak funding profile, and reduces necessary 

cryomodule production capacity: risk reduction 

• But it drags out cryomodule production time: companies may go out of 

business, labs may change priorities -> increased risk 

• Stopping cryomodule production after 250GeV will make a 500GeV machine 

much more expensive, and less likely  

(and indicates lack of commitment to go for 500GeV?) 

• Continuing cryomodule production means that after ~2 years of data taking 

(50fb-1) an upgrade is possible 

• Is a dataset with 50fb-1 at 250GeV useful?  

Staging: My personal summary 
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• The most pressing questions for the Japanese site: 
• Where is the IP? Needs decision on access tunnel scheme 

• How long is the accelerator? Needs decision on maximum energy, assumed 

gradient and overhead  

-> discussion initiated by Physics&Detectors Deputy Director (H. Yamamoto) 

-> Parameter’s group 

-> be careful not to look the gift horse into its mouth… 

• Answers needed by end of 2014 

-> ALWC in May at Fermilab  

is time for arguments, ECFA WS in Belgrade might see the result 

• Japan needs 5 years pre-construction, plus 10 years construction 

-> have the 5 years already started? Not clear 

• A 250GeV first stage is likely, but it is unclear how long it will last 

Summary 
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BACKUP 
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