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Introduction

WHAT IS ILC?
Introduction
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International Linear Collider (ILC)
- Experiment Overview -

El t P it

Collision Energy
200 – 500 GeV

Electron
(100 – 250 GeV)

Positron
(100 – 250 GeV)
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ILC ‘Area System’y
- Superconducting Electron/Positron Linear Accelerators-

(4) Ring To Main Linac (RTML) (5) Main Linac(4) Ring To Main Linac (RTML)

(3) Damping Ring (DR)

(5) Main Linac 
(ML)
x 560

~31 km
D i Ri (DR)

e+ Source
Expansion to

~50 km 
(for 1 TeV)

Damping Ring (DR)

e+ Source

(2) Positron (e+) Source (1) Electron (e-) Source(7) Experimental Hall

e- Main Linac (ML)
e+ Main Linac (ML)RTML RTMLBeam Delivery System (BDS)
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(6) Beam Delivery System (BDS)



Design Progress from 2005 to 2009
Reference Design Report (RDR) published in 2007.
Re-baselining for cost containment undergoing.

Baseline Configuration Document

BCD (2005)( )

Reference Design Report

RDR (2007)
Current Baseline

Strawman Baseline forStrawman Baseline for
Technical Design Phase2 
(2010-2012)

SB2009
Re-baselining
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Re baselining



Boundary conditions and guidelines for design works

ILC DESIGN & COST CONTAINMENT
Boundary conditions and guidelines for design works

7



Construction Cost ProfileConstruction Cost Profile

60%~60%
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Main Linac (ML) RF Unit in RDR
T i t l l t fi ti‐ Twin-tunnel accelerator configuration -

Service Tunnel

AC plug-in power: 150 kW
Output pulse: 120 kV x 130 A = 15.6 MW peak, 1.6 ms, 5 Hz
Averaged output power: 124.8 kW
Modulator Efficiency: 83%
Power loss: 25 2 kW

Input RF power: ~100 W
Input DC pulse: 15.6 MW peak, 1.6 ms, 5 Hz
Output RF pulse: 10 MW peak, 1.565 ms, 5 Hz
Averaged output power: 78.25 kW
Klystron Efficiency: 65% Power loss: 25.2 kWKlystron Efficiency: 65%
Power loss: 46.55 kW

Beam Tunnel
Power Loss: ~5.6 kW (7%)

37.956 m

e- ML 282 RF units
e+ ML 278 RF units

Total 560 RF units

Field gradient: 31.5 MV/m
Energy gain per RF unit : 850 MeV
(with 22% tuning overhead)
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Total 560 RF units (with 22% tuning overhead)

11:00-11:30 Hitoshi Hayano,  Cryomodule Requirements



RDR(2007) to TDR(2012)( ) ( )
‐ Cost Containment ‐

• RDR: 6.62 BILCU (4.80 Shared + 1.82 Site Specific) + 14.1 kPerson
• SB2009: 7 working assumptions with ~13% cost reduction• SB2009: 7 working assumptions with ~13% cost reduction
• One of the most cost-effective assumptions is:
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ML Single-Tunnel Configuration
Kl t Cl t S t (KCS)‐ Klystron Cluster System (KCS)-

SurfaceSurface

Beam Tunnel

Power Loss: ~5.6 kW (7%)

e- ML 282 RF units
e+ ML 278 RF units

Total 560 RF units

Field gradient 31.5 MV/m
Energy gain per RF unit 850 MeV
(with 22% tuning overhead)
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Total 560 RF units (with 22% tuning overhead)



ML RF Units
Kl t Cl t S t (KCS)‐ Klystron Cluster System (KCS) ‐

12
~2.4 km (32 x 2 RF units)



ML Civil Engineering
( )‐ Klystron Cluster System (KCS) ‐

SurfaceSurface

Double-tunnel
(RDR)

Single-tunnel
(SB2009)(SB2009)
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ML Single‐Tunnel Life Safety
‐ Americas Region‐

NFPA 520-2005 (Subterranean Spaces) 
Prescribes 2 paths of travel to an exit or 
refuge area.  The travel distance to be less 
than 610 meters. 
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ML Single‐Tunnel Life Safety
‐ European Region‐
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ML Single-Tunnel Configuration
Di t ib t RF S t (DRFS)‐ Distribute RF System (DRFS) ‐

Beam Tunnel

Power Loss: ~5.6 kW (7%)

e- ML 282 RF units
e+ ML 278 RF units

Total 560 RF units

Field gradient 31.5 MV/m
Energy gain per RF unit 850 MeV
(with 22% tuning overhead)
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Total 560 RF units (with 22% tuning overhead)



ML RF Unit
Di t ib t d RF S t (DRFS)- Distributed RF System (DRFS) -

35.100 m

Cooling Water

X ~5.4 m (L) 
( 4th it )

Alcove
(Every 4th Units,
152 m)

X
Skid and
Common Electricity

1.6 m (W)

X (every 4th units) 152 m)

X 2.438 m (H)

26.336 m (~70%) 11.62 m

B / S i T l
One big HV klystron replaced by 13 small klystrons

Beam / Service Tunnel
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37.956 m

11:30-12:00 Shigeki Fukuda,  HLRF Requirements



ML Civil Engineeringg g
(DRFS)

Double-tunnel
(RDR)

Single-tunnelg
(SB2009)

1811:30-12:00 Shigeki Fukuda,  HLRF Requirements



ML Single‐Tunnel Life Safety
‐ Asian Region‐

Sub‐Tunnel
with non‐active componentswith non active components
used for egress,

access,
water utility,
geology survey in construction
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geology survey in construction
etc.

13:30-15:30 Masanobu Miyahara,



Cryogenic System Configuration in RDRCryogenic System Configuration in RDR
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Cryogenic System in Mountainous SiteCryogenic System in Mountainous Site

2K He Refrigerator: Main Tunnelg
4.4 K He Refrigerator &  He Compressor: Access Tunnel

2.5 km 2.5 km5 km 5 km 5 km 5 km2.5 km 2.5 km

1.3 km 1.1 km 2.2 km 2 km2.6 km1.9 km

Zone 1Zone 2Zone 3Zone 4Zone 5Zone 6

2K Ref.#6 2K Ref.#5 2K Ref.#4 2K Ref.#3 2K Ref.#2 2K Ref.#1

5.4 km4.7 km5.1 km5.8 km4.8 km3.8 km

2K Ref. Cold box

4 4 K R f C ld b

He Compressor

4.4 K Ref. Cold box

12:00-12:30 Kenji Hosoyama Cryogenic Requirements
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12:00-12:30 Kenji Hosoyama,  Cryogenic Requirements



Electrical / Mechanical Requirements
‐ Electricity in RDR ‐
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Electricity Distributiony
‐ 66 kV High Voltage Line Along The Site (Asian Regional Plan) ‐

Surface

Service Tunnel (RDR) / Main Tunnel (SB2009)

Surface
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Area System Heat-load (RDR) y ( )
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ML Components’ Heat-load (RDR) 
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ML Cooling System (RDR)
M i L- Main Loops -

Process Water Child Water

1st Loop 1st Loop
(~100 m EL.)

1 Loop

2nd Loop (~2.5 km) x2

(1 F C / 6 )

2nd Loop

(1 F.C./76 m)3rd Loop (~152 m) x 32*
3rd Loop (~152 m) x 32*

*: max
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ML Heat-load Table (DRFS)
/ 2RF units/ 2RF units

DRFS Heat load estimeted in September 2009

2711:30-12:00 Shigeki Fukuda,  HLRF Requirements



DRFS Local Cooling Scheme

Basic configuration not changed
ΔT optimization will be done in TDP2

2811:30-12:00 Shigeki Fukuda, HLRF Requirements



HVAC System
Heating Ventilation and Air Conditioning system design (RDR Asia)- Heating, Ventilation, and Air-Conditioning system design (RDR, Asia) -

29



Drainage System
Drainage system design (RDR Asia)- Drainage system design (RDR, Asia) -

Designed drainage water /line 
= 2 5 km x ~0 2* m3/min/km x 3**= 2.5 km x 0.2  m /min/km x 3
(*: average in granite; **: safety Factor)

3013:30-15:30 Masanobu Miyahara,



Boundary conditions and guidelines for design works

MOUNTAINOUS SITE FEATURES
Boundary conditions and guidelines for design works

& CIVIL ENGINEERING 
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General Requirements for ILC SitesGeneral Requirements for ILC Sites
• Uniform geology
• Tunnel depth < 600m• Tunnel depth < 600m
• Avoid residential area, because
• hard to get acknowledgement from the inhabitants from the view
• point of radiation problem and public construction
• Avoid active fault
• Avoid major epicenters (M>7) having taken place since 1 500Avoid major epicenters (M>7) having taken place since 1,500
• Avoid large fault (W > 1m), 
• especially those running parallel to the tunnel route
• Enough electric power supply
• We need about 350 MW
• Enough length to accommodate 50km tunnelg g
• Examined on 51 items for each candidate site
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Site candidates for JLC (2000-2003)
KEK R t 2002 10 R t f JLC Sit St d G 9KEK Report 2002-10, Report of JLC Site Study Group, page 9.

33KEK Report 2002-10, Report of JLC Site Study Group, page 9.



GeologyGeology

Mainly granite geology through 50‐km lengthy g g gy g g
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Geotechnical Review 2006
- Site Assessment Working Group –
(Japan Society of Civil Engineers)
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Topography
l t i h i- low mountain chain -
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Access to Underground Tunnel
B H i t l (Sl d) T l- By Horizontal (Sloped) Tunnel s-
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Access to Underground Tunnel
B Sh ft d H i t l T l- By Shafts and Horizontal Tunnel s-
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Boundary conditions and guidelines for design works

PRELIMINARY STUDY FOR TDP2
BY

Boundary conditions and guidelines for design works

BY 
CONVENTIONAL FACILITY WORKING GROUP
ADVANCED ACCELERATOR ASSOCIATION PROMOTING SCIENCE AND 
TECHNOLOGY
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Single‐Tunnel Accelerator Configurationg g
‐ Guideline for Design in Asian Region ‐

40

10:30-11:00 Masakazu Yoshioka, CF Concepts



Single‐Tunnel Accelerator Configurationg g
‐ Basic Design Concepts in Asian Region ‐

TDP2
C CRDR Access 

Tunnel

Cavern Cavern

Double‐Tunnel Si l T l
Sub‐tunnel forDouble Tunnel

Accelerator
Single‐Tunnel
Accelerator

access,
egress,
water utility

SB2009
1.5‐Tunnel + Access Tunnel/Shaft Configuration

RDR
2‐Tunnel + Access Tunnel/Shaft Configuration
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Site Layout Example
‐ Asian Region‐

42
13:30-15:30 Masanobu Miyahara



Boundary conditions and guidelines for design works

SUMMARY
Boundary conditions and guidelines for design works
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SummarySummary

• RDR demonstrated a realistic ILC design based on a 
sample site and a construction cost.
C t t i t i i t i TDR• Cost containment is a primary concept in TDR.  

• Single-tunnel accelerator configuration is one of the 
working assumptions for such a requestworking assumptions for such a request.

• A single-tunnel accelerator configuration which meets 
the Asian potential sites’ conditions is underthe Asian potential sites  conditions is under 
investigation.
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Boundary conditions and guidelines for design works

APPENDIX
Boundary conditions and guidelines for design works
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Drainage System
Sump water and Geology in Japan- Sump water and Geology in Japan-
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Drainage System
An Example of Drainage Tunnel in Japan- An Example of Drainage Tunnel in Japan-
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Tunneling
Rock hardness and Geology- Rock hardness and Geology-

igneoussedimentarymetamorphic

Paleozoic Mesozoic

granite

Paleozoic Mesozoic

sandstone

weathered

granite
limestone

sandstone

~40 MPa

~80 MPa

~120 MPa
fresh

~160 MPa

~200 MPa
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