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Marc & Nick – 9july09 e-mail

• Primary point:  make sure component counts 
and specifications are fixed to allow cost 
estimation to proceed – for each of 3 sites!

• Exercise is for Low-Power =                       
half-number of bunches filled                   

for single tunnel for DRFS & Klystron Cluster
• Consider and estimate two (three) scenarios:

– Bare minimum to support Low-P 5 MW beams
– Install only ½ RF power systems but make sure 

there is an “easy” upgrade path to full-P
– And some intermediate scenario???
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Some Working Assumptions
• Do not include any perceived constraint of an      

~ 3 km circumference Damping Ring on path    
for upgrade.  Assume DR solution can be found.

• Keep Dumps and Collimators at RDR power 
ratings (not a cost driver = $ 0.055/$ 6.617 B)

• Luminosity restored by Andrei’s travelling focus 
which is also small relative cost ~ 1.5 * $ 0.022 B

• Need Impacts (including longer RF pulse) on:
– HLRF Components, including overhead & upgrade
– Electrical Power requirements
– Cooling Requirements
– Civil Construction – both surface and underground
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Driven by some of PHG’s 
Questions on June 9, 2009

• Don’t have enough resources to address           
all options => only RDR (2 tunnel, full power)           
vs. Klystron Cluster (1 tunnel, ½ power) &      
DRFS (1 tunnel, ½ power) for each of 3 regions       

with upgrade path(s) to full power
• Config/Reg: Euro Americas Asia

DRFS D-easy D-easy D-easy 
Klystron Clust KC-easy KC-easy KC-???
Is Klystron Cluster approach even attainable   

in the mountainous Asian region?
RDR => same Power & Cooling est for all 3 regions 
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Some Low-P parameters
• For filling more cavities per klystron,               

RF pulse length increases 1.6 => 2.0-2.1 msec    
=> 31% more avg power per klystron   

Fukuda-san:  modulator/PS cost => 15% more 
these costs scale as sqrt(P)

• Klystron Cluster:  each 10 MW klystron drives 
26 => 52 cavities              

Chris Adolphsen provided prelim estimates for         
full-P KlyClust in Aug08 & half-P RDR in Aug06

• DRFS:  each 750 KW klystron drives                
2 => 4 cavities  (2 configs) 

Shigeki Fukuda provided estimate 7july09
PHG - AD&I - SB2006                        
Low-P  July 15, 2009

5



PHG - AD&I - SB2006                        
Low-P  July 15, 2009

6



PHG - AD&I - SB2006                        
Low-P  July 15, 2009

7



CFS for Klystron Cluster
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Upgrade path for Low-P Klystron Cluster

can we simply add an 
extension to RF pipe?
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LowP Scheme for DRFS

Standard Scheme

High operability
Maximum usage of 
SC cavity

Low Power Option 

Aiming for the easy 
upgradeability  to 
standard scheme
Low cost
Partial sacrifice of 
DRFS operability
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Cost Impact for LowP DRFS

Assume the PS’s cost proportional to Square root of av. Power.
15july:  Shigeki thinks > sqrt(P), asks Ray Larsen for better est.

DRFSDRFSDRFSDRFS Cost ImpactCost ImpactCost ImpactCost ImpactNoNoNoNo CostCostCostCost NoNoNoNo CostCostCostCost %%%%DC PS w BackupDC PS w BackupDC PS w BackupDC PS w Backup 1111 288288288288 1111 166166166166MA ModulatorMA ModulatorMA ModulatorMA Modulator 2222 100100100100 1111 50505050MA KlystronMA KlystronMA KlystronMA Klystron 13131313 845845845845 7777 423423423423Magic TeeMagic TeeMagic TeeMagic Tee 13131313 91919191 20202020 1371371371371324132413241324 775775775775 58.658.658.658.6BCDBCDBCDBCD NoNoNoNo CostCostCostCost NoNoNoNo CostCostCostCostModModModMod 1111 515515515515 1111 297297297297KlyKlyKlyKly 1111 300300300300 1111 150150150150PDSPDSPDSPDS 1111 345345345345 1111 1731731731731160116011601160 620620620620 53.453.453.453.4
StandardStandardStandardStandard Low PLow PLow PLow P
StandardStandardStandardStandard Low PLow PLow PLow P

PHG - AD&I - SB2006                        
Low-P  July 15, 2009

11

Fukuda-san update 15july09, see his presentation

269

7951305

186

60.9%



What do we need?
• Updated estimate for over-moded waveguide   

and cylindrical couplers for Klystron Cluster
• Understand impact and possible cost reductions 

for Cryogenics: 
what about Cryogenics load?

• how much is static (same)?
how much is RF related (1/2 * 1.31 = 0.65)?
how can you add capacity later? 
add second plants?
what were the layout of our 10 plants?
1 + 2 + 2 …IP… 2 + 2 + 1 – optimization?
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To Do (continued)

• Can you add RF pipe & couplers upstairs?
• How can Klystron Cluster be done in mountains?
• Which of the two Low-P DRFS options to choose?
• Need better developed DRFS cost estimates
• We have Low-P electrical power & cooling ests. 

which are ½ * 1.31 = 0.65 RDR levels for ML.       
How does the CFS estimates scale for both low-P 
and for facilitating upgrade to full-Power later?

• Do we need to change single tunnel from 4.5 meter 
to something larger for KlyClus, DRFS?  Layout?

• modified shafts, access tunnels, shaft base caverns? 
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References (they all work, but…)
SB2009 Definition and Working Assumptions: 
http://ilcagenda.linearcollider.org/materialDisplay.py?materialId=0&confId=3526
1) With respect to the Reference Design, a reduced parameter set is to be adopted -
number of bunches = 1312 and a 2ms RF pulse, 2) a Single-tunnel solution for the 
Main Linacs and RTML is to be adopted, with two possible variants for the HLRF -
Klystron cluster scheme and DRFS scheme and 3) the CFS team will develop design 
solutions for each HLRF variant at each of the (3) sample sites.

The DESY meeting report: http://ilc-edmsdirect.desy.de/ilc-
edmsdirect/file.jsp?edmsid=*879845 – SEE TABLE PAGE 18.

operationally from a PPT presentation, it is better to save, then open

August 2006 (Chris Adolphsen) presentation on low power operation: 
http://ilcagenda.linearcollider.org/getFile.py/access?sessionId=3&resId=0&materialId=
5&confId=3526

Availability Task Force - July 2009 (Shigeki Fukuda) presentation on DRFS 
availability, including low power option: 
http://ilcagenda.linearcollider.org/getFile.py/access?contribId=1&resId=0&materialId=s
lides&confId=3719 (see slides 17 and 18).
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Backup Slides
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CFS criteria for KlyCluster study
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KlyCluster est did not use Chilled Water!
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Introduction & Outline

• Now we need cost differentials:                                                
How much could we save if we made this proposed change?

• Later in the Technical Design Phase – 2:                                      
we will need a complete new cost estimate (bottom-up)

• For Reference Design Report, we had
estimate = a + b + c new estimate =>   a’ + b + d

where d replaces c, but may have an updated estimate for a
need to compare a+b+c => a+b+d or  a’+b+c => a’+b+d

sometimes easy comparing b => d, sometimes b/d affects a/a’ 
non-diagonal, coupled effects

• We need estimate comparison for same year => 2007 RDR
• What questions need to be asked for each AD&I study?
• Prior examples:  Klystron Cluster & 230 GeV e-e+ studies
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What information we need for each study?
• Descriptive text – what changes
• Configuration – number of new components,       

# and length of tunnel(s), sketches, 3D CAD, etc.
• Required utilities:  power, cooling, cryogens
• Cost estimates for new components:             

e.g. overmoded waveguide and couplers 
for Klystron Cluster study,                             

klystrons and modulators for DRFS
• Do old unit cost estimates change? Learn Curve?
• Use new ICET cost estimate template (enable macros)
http://www-ilcdcb.fnal.gov/example_26march09-Construction.xls

• Head to head comparison:  old vs. new (CFS)
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