
Review of the International Linear Collider (ILC) 
Electrical and Mechanical System Design to be held at 

CERN on 21 March, 2012 
The purpose of the Review is consider specified performance criteria and evaluate how the mechanical and 
electrical technical design solutions formulated by the ILC team address these. The ILC design is under 
development in parallel in each of three global regions. Conventional facilities (electrical and mechanical) 
design work from two of these, Asia (Japan) and Americas (US) will be presented. It is not the intention of the 
review to directly compare and contrast these two with each other. At the review, representatives from the 
Asian Region will present the  Mechanical and Electrical Designs that have been developed using the Asian 
Region High Level RF (HLRF) system suitable for a mountain site in Japan and representatives from the 
Americas Region will present the Mechanical and Electrical Designs that have been developed using the 
Klystron Cluster RF system suitable for the Americas Sample Site.   

  

Ample time will be available in the agenda for open discussion among all participants.  The Review Panel will 
produce a report to the GDE Project Management that records panel impression and comments of the designs 
presented as well as conclusions reached during discussion periods.  

  

The ILC high – power superconducting linac presents new and interesting technical challenges that are sure to 
be interesting. 

 

(A separate meeting – 22 to 23 March, also listed on the indico page, but is not to be confused with the 
Review). 

  



Review of the International Linear Collider (ILC) 
Electrical and Mechanical System Design to be held at 

CERN on 21 March, 2012 

The review panel will consist of: 
  
Marc Ross (Fermilab – ILC) Chair 
Vic Kuchler (Fermilab – ILC) 
John Osborne (CERN – ILC) Host 
Atsushi Enomoto (KEK – ILC) 
Philippe Lebrun (CERN) 
Mauro Nonis (CERN) 
Francois Duval (CERN) 
 



ILC Utilities – Electrical / Mechanical 

• ILC has six regions: 
1/2. Sources (electron / positron) 

3. Damping Rings 

4. Ring to Linac 

5. SC Linac      Power critical 

6. Beam Delivery 

 

• But… Superconductivity means “low 
resistance”… 



• (Reference Design – 2006) 

 

 

 

 

 

 

• Beam Power (500 GeV): 22 MW 

Power Loads: 

TABLE 4.3-1

Estimated nominal power loads (MW) for 500 GeV centre-of-mass operation

Conv NC Magnets Water

Systems

Cryo

Sources e− 1.05 1.19 0.73 1.27 0.46 0.06 4.76

Sources e+ 4.11 7.32 8.90 1.27 0.46 0.21 22.27

DR 14.0 1.71 7.92 0.66 1.76 0.23 26.29

RTML 7.14 3.78 4.74 1.34 0.0 0.15 17.14

Main Linac 75.72 13.54 0.78 9.86 33.0 0.4 134.21

BDS 0.0 1.11 2.57 3.51 0.33 0.20 7.72

Dumps 0.0 3.83 0.0 0.0 0.0 0.12 3.95

Totals (by system) 102.0 32.5 25.6 17.9 36.9 1.4 216.3

Area

System RF Power

Conventional Power

Emer

Power

Total

(by area)



Heat Loads: 
TABLE 4.5-1

Summary of heat loads broken down by Area System

Area System LCW 

(MW)

Chilled 

Water

(MW)

Total

(MW)

Sources e− 2.880 1.420 4.300

Sources e+ 17.480 5.330 22.810

DR e− 8.838 0.924 9.762

DR e+ 8.838 0.924 9.762

RTML 9.254 1.335 10.589

Main Linac 56.000 21.056 77.056

BDS 10.290 0.982 11.272

Dumps 36.000 0.000 36.000

182Total Heat Load (MW)



1 February, 2012 Marc Ross, Fermilab 6 



Superconducting resonators 
• Typical resonator intrinsic Q 

• Loaded Q – from coupler 

• losses 
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Equilibrium ‘matched’ 
condition ideal 

Cavity Fill Beam On 



Old RDR Power Distribution System 



Two 4-5 m diameter tunnels spaced by ~7 m. 

Baseline Tunnel Layout 

Accelerator Tunnel 

Service Tunnel 

Waveguides 
Cryomodules 

Modulators 
Klystrons  Electrical 
Dist Cooling System 

Penetrations 
(every ~12 m) 



Klystron Cluster Concept 

• RF power “piped” 
into accelerator 
tunnel every 2.5 km  

• Service tunnel 
eliminated 

• Electrical and 
cooling systems 
simplified 

• Concerns: power 
handling, LLRF 
control coarseness 

Same as baseline 
~10 MW 



First Pass at New Tunnel Layout 

RF Waveguide 





Klystron Modulator: 
• 150 KW (10/.6=17 MW peak) (XFEL 410KW) 

• Few % losses 





Installing an 8-cavity cryomodule: 

• ~15 each made and tested DESY, Fermilab, KEK 

• (125 more now under construction) 



SC Linac power feed 







Klystron Collector 38.0% 38.0%

Cavity load 27.3% 65.3%

Waveguide distribution - surface 8.5% 73.8%

Waveguide distribution - underground 8.2% 82.0%

Switching PS 4.3% 86.2%

Modulator 3.8% 90.1%

Klystron - other 3.4% 93.5%

2.1% 95.7%

1.6% 97.3%

1.2% 98.5%

0.8% 99.3%

0.7% 100.0%

Top 3 load types: 
• Klystron/modulator localized 60% 

• Waveguide distributed 15% to be regulated 

• Cryomodule  distributed 25% 

 
Most of the 
heat load to 
water does not 
require tight 
temperature 
regulation 
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Stacking of Loads / High Delta T 

1 RF 
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Stacking of Loads / High Delta T 

1 RF 
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1 RF 

Stacking of Loads / High Delta T 
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TUNNEL 

PENETRATION 

KLYSTRON MODULATOR 

LLRF 

ATTENUATORS 

Heat Loss from Cryo ~5w/m (T.Peterson) ~(-0.18KW) 

Heat Loss from RockWall   ignored 

Heat Loss (Air )  ~38 w/m    ~(-1.3 KW) 
*15F delta T air at 2.5Km 

Heat Gain (Waveguide)  = 5.9 KW  ~ +5.9 KW 

---------------------------------------------  ---------------- 

NET LOAD to AIR (beam tunnel)  + 4.42 KW 

At Service Tunnel (to 
air -load to fancoil) = 
1.17KW 

At Penetration (water) 
= 0.676KW? 

At Beam Tunnel (to 
air )= 5.9KW* 

Assume issue with 
mixing air between 
tunnel, watercooled 
waveguide in the 
penetration by??? 

*if the straight run of waveguide in beam 

tunnel are watercooled, the remaining load to 
air becomes 5.4KW 

Sealed 

Sealed 

cn eh  Oct 4 2007 

Waveguide Heat of ONE RF UNIT (Oct 4 2007) 

See HVAC slides 
later, for option of 
aircooled wavgd 
at penetration & 

about rock contrbtion 



Reviewer Questions: 

• Criteria (functional requirements) understood? 

• Designs address the criteria? 

• Designs optimum? 

• Overheads / Margins reasonable? 

• Special systems (e.g. emergency power) OK?  

• Unusual or notable conditions? 

 


