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ilp Stori
HH Historical Background

 Over 15 years active international 2001

R&D

— NLC & JLC based on (normal conducting)
Cu X-band technology (11.4 GHz)

— CLIC two-beam accelerator (30 GHz)

— TESLA Superconducting RF (SCRF,
1.3 GHz)

e 2002 BMBF (German Funding
agency) XFEL decision

— Request to internationalize ILC effort

e 2004 ITRP recommends SCRF
Linac Technology for the ILC

— Recommendation later endorsed by ICFA

e 2005 Global Design Effort (GDE)
formed
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H Global Design Effort

» 2005: Formation of the GDE by e
ICFA ~

— Barry Barish — director :

o History

— Dec 2005 - Definition of baseline
design

— Dec 2006 - Completion of
conceptual design with cost
estimate (including first iteration
cost reduction) 2007

— Jul 2007 — Publication of 4-volume
Reference Design Report

(RDR).

— 2008 - restructuring for Technical
Design Phase

29 Sept 2008 Global Design Effort 4
XXI. RUPAC



Hle
o

GDE Project Structure for TDP

29 Sept 2008
XXI. RuPAC

Barry Barish
GDE Director
1 il 1
Akira Yamamoto Marc Ross Nick Walker
Project Manager Project Manager (chair) Project Manager
SCRF Tech. CFS & Global Accelerator Systems
Tetsuo Shidara | | | Jim Kerby Wilhelm Bialowons | | | John Carwardine Frank Lehner | | Junji Urakawa
(KEK) (FNAL) (DESY) (ANL) (DESY) (KEK)
Lutz Lilje (DESY) John Osborne (CERN) | | Axel Brachmann (SLAC)

Cavity Processing

Civil Engineering

Hitoshi Hayano (KEK)
—  Cavity Production &
Integration

Vic Kuchler (FNAL)
Conventional Facilities

Associate Project Manager

Electron Source

Jim Clarke (STFC)
Positron Source

Morihito Ohuchi (KEK)
Leader

- Harry Carter (FNAL)

Co-Leader

Cryomodule

Shigeki Fukuda (KEK)
HLRF

Tom Peterson (FNAL)
Cryogenics

Chris Adolphsen
— (SLAC)
Main Linac Integration

Margaret Votava (FNAL)

Project Management Office

Controls

Ewan Paterson (SLAC)

Integration

Nobu Toge (KEK)
Engineering
Management

Andy Wolski
(Cockeroft Institute)
Damping Ring

Nikolay Solyak (FNAL)

RTML

Lars Hagge (DESY)
EDOMS /CM

Andre Seryi (SLAC)
BDS

MNobu Toge (KEK)
Change
Management

Kiyoshi Kubo (KEK)
Simulation

Global Design Effort




ir -
H Outline (1)

e |[ntroduction

« RDR Machine Requirements
— Overall Layout
— Parameters

e Electron Source
e Positron Source
 Damping RIngs
— Kicker Systems
— Electron Cloud (and Fast lon Instability)

e Ring to Main Linac
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1{h Outline (2)

 Main Linac
— Main Linac Unit
— Cavities
— Modulator
— Klystron
— Cryogenic System
« Beam Delivery System

e Value Estimate
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HH Outline (3)

« TDP Technical Design Phase
— GDE Time Line until 2012
— TD Phase Project Structure
— Plug compatibility for SCRF
— Clustered surface RF
— Minimum Machine Concept (Cost reduction)
— Evaluation of the three sample sites
— Investigation of (cut and cover) shallow sites
— Investigation of generic site

« Summary and Outlook
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http://ilcdoc.linearcollider.org/getfile.py?docid=125&name=ILC_RDR_2007-04-03&format=pdf&version=1

H/[ ’
H What's RDR

* (International) Conceptual design report
o With first-stage (reliable) cost (value & labor) estimation
 Engineering details not yet contained

* Not all based on the present technology

— Forward-looking
— R&D needed

e History

— BCD (Baseline Configuration Document) published in December
2005 at Frascati meeting

— Rules for cost estimation established in March 2006 at
Bangalore meeting

— First cost compilation in July 2006 at Vancouver meeting
Cost reduction effort started

— RDR draft published in February 2007 at Beljing meeting
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,',IE ILCSC Parameters Group: Requirements

e Center-of-Mass Energy up to 500 GeV
— upgradeable to 1 TeV.

 Integrated luminosity in the first 4 years
> 500 fb! (500 GeV equivalent)

— This corresponds to the peak luminosity ~ 2x103%4 cm-2s-1
— Assume 1/y L scaling for < 500 GeV

 Ability of energy scan in 200 - 500 GeV
* Energy stability and precision below 0.1%
» Electron polarization of at least 80 %

e Two detectors
— Single IR in push-pull configuration
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,','E The ILC Reference Design

15 Stage: 200 - 500 GeV, Based on accelerating
gradient of 31.5 MV/m (1.3 GHz SCRF)

~31 Km

Mot to Scale

£
e-le+ DR ~6.7 Km

- N —T
‘“3-'?3; radius — 30m radiu
e- Linac
~1.33 Km 11.3 Km + ~1.25 Km ~4.45 Km 11.3 Km ~1.33 Km
Schematic Layout of the 500 GeV Machine
29 Sept 2008 Global Design Effort 12
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ip Basic Global Parameters

JLE
Max. Center-of-mass energy 500 GeV
Peek Luminosity ~2x10%* |cm~2sd
Beam Current 9.0 mA
Repetition rate 5 Hz
Average accelerating gradient 31.5 MV/m
Beam pulse length 0.95 ms
Total Site Length 31 km
Total AC Power Consumption ~230 | MW
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'-IE Electron Source System

Damping Ring

Faraday Cup
Energy Compression and Mott
: . L-band (B=0.75)  polarimete I
Spin Rotation NC tune-up dump TW Bunching 0 ;I5w} r
2x5MW SC e~ LINAC (5.0 GeV) (11.3kW)  and Pre-Acceleration

(1+ 1 spare)

DC Gun (2x)

SCtune-up dump (311 kW) £¥
8x10MW Energy Collimation 10 MW 10 MW 10 MW E E
(Vertical Chicane) SPARE Mo I
S Drive
5HB Laser
(above
3.2nC N 5nC Ground)
|\ 76 MeV - 5.0 GeV /‘\ 140 keV - 76 MeV ,I
29 Sept 2008 Global Design Effort 14
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H Positron Source

 Undulator scheme

— Electron beam at 150 GeV
—400m— PPAﬂzﬁ.mirnew
150GeV e-

~147GeV e- PBSTR (Cryo-modules for
boosting energy up to 5GeV)
—frrn %ﬂi— N
5km

helical undulator 1‘ Y dump

OMD TAF E dump
(~125MeV)

Collimator Damping ring

(t polarization upgrade )

— Undulator
» Helical, superconducting
* length 147 m (longer for polarized e*)
e« K=0.92,A=1.15cm, (B=0.86T)
— Needs ‘keep-alive source’
* 10 % intensity
e Share 5 GeV linac

29 Sept 2008 Global Design Effort 15
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H Damping Rings

 Roles
— Reduce transverse/longitudinal emittances
— Beam stabilization

* Possible choices
— Dog-bone
— (nearly) Circular: ~ 3 km, ~ 6 km

 Baseline el
— 6.7 km circular ring s
— One for e+ and one for e- e "l
i -200¢
'W"‘m'"'"“:i.vr' ; _siraight section. '\) _EW:
29 Sept 2008 Global Design Effort 16
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HH Kicker System

* Must extract bunches one-by-one

bunch to be extracted next

kicker magnetic field
4 — position extracted already

Main Linac

Damping Ring - - -
o Beam pulse length 300 km
e Specification 1.2 e
— rise, fall time < 3 ns | 3 )
— rep.rate 5.5 MHz | {*’
— pulse length 1ms T B s B e e e
— stability < 0.1 % %él LR e L
 can be relaxed by feedforward P | }l xﬁ |
. 2 | |
e Fast kicker needed ﬂ.ti | E e
_ egative Pu]sui \ |
— A system with fast pulser 0 \ * i
and stripline developed at KEK. TN e
— Unit test done. u-ﬂ---‘:"""i ; :":1_]1
Time(ns)
29 Sept 2008 Global Design Effort 17
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e
H RTML

« ~14 km long transport
e Turn-around
— needed also for feed-forward
e Spin Rotator
 Bunch compressor in 2 stages
— 9 mm - 300 um (nominal parameters)
— 9 mm - 200 um possible (Low Q parameters)
e Diagnostics and collimators

Damping Ring

g ¥

o{:}\f K“b{@l
© Retum (13,200m
<& TN l | : :
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iln L
HH Main Linac Layout

e Length~11kmx?2

e Average gradient 31.5 MV/m ponerretons:
) able & Plumbing
e 2 tunnels diameter 4.5 m Waveguide

LLRF, Controls,
Protection Racks

Charger

Main Modulator

HV Pulse Transformer
Horizontal Klystron
LCW Chiller

AC Switchgear
Waveguide

Distribution
System

Dwag: J. Liebfritz
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,-,'E Main Linac RF Unit Overview

e Bouncer type modulator
 Multibeam klystron (10 MW, 1.6 ms)
e 3 Cryostats (9+8+9 = 26 cavities)

e 1 Quadrupole at the center

\ eryomodule conne ction / eryomodule conneclion / g
__q:ﬂ [l [l [ Fr— [—1 [l [—l Fﬁﬂ
| 7 | 1 | I 1 1 | [ I |  E | | I | 1 | ]
i \
- beam lane
Linear RF Power distribution SRR e splitt circulator i / i
with circulator & stub or EH tuner for every stub tune coyamodie
cavity input
Bouncer Modulator .
Front end electronics
10MW Multi-beam
Klystron,
socket assembly
1:12 Pulse Trans
29 Sept 2008 Global Design Effort 20
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[ ) S
in Cavities
"o

« Baseline: TESLA-type 1.3 GHz s

— ldentical to XFEL cavities E=
* Only beamtubes shortened -
» Accelerating gradient
— Vertical test 1

)

e >35MV/m, Q > 0.8x10%0 08}
— Average gradient in cryomodule o T
. 31.5MV/m, Q > 1x10% s T N\
. : © 06t
* With the presently available = \
05} N
technology £ AN
. ® o4
— Average gradient lower than 31.5 sl ‘\X
MV/m | R
— Spread of gradient large 0.1 *
— If uniform distribution in 0 . : \\ -

20 2 a0 ' 35 40

22<G<34 MV/m, average 28 MV/m

« Costincrease ~ 7 % Linac Gradient (MV/m)
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Operational Gradient [MV/m]

'-'IE Accelerator Module Operational Gradients

35

ILC

30

| m |
0 ];I;I ‘ I ‘ ‘
1 2 3 1% 4 5 6 7

Module Number

N
ol

N
o

=
(&)

=
o

ol
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HH Modulator

e Baseline

— Bouncer-type modulator
e Design at FNAL
— Has been working for >10 years at TTF at DESY
— No major technical issues
— XFEL choice

— Design improvements (within XFEL industrialisation)
» More cost-efficient design under way

* Redundancy of internal components for higher availability
2m :

e Alternative: "

— Marx Modulator

Under development at SLAC
Smaller size

No step-up transformer
Potentially high cost saving

MARX MODULATOR - MECHANICAL DETAIL
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ilp
HH Klystrons

Requirements:

- 10 MW

— 1l.6ms

— OSHz

— lifetime for full power >40000 hrs :
Baseline solution: Multi-beam klystron ~

— Use multiple beams of low charge Thales Toshiba

— Lower space-charge effects

— Lower voltage (120 kV)

— Higher efficiency (~65 %)
Prototypes from 3 manufacturers for the European XFEL (higher repetition
rate: 10 Hz)

— Thales and Toshiba MBKs being successfully tested at DESY at full spec
« for > 1000 hrs
» Several klystrons under varying operating conditions at FLASH, PITZ and test stand

Horizontally mounted klystron needed for small tunnel diameter
— XFEL develops this with industry
More lifetime testing going on (eventually also at SLAC)

— At DESY all tubes which are now in operation do not show signs of degradation
(no arcing, no perveance drops)
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ilp i
H Cryogenics System

e 1 cryogenic plant covers 2.5 km linac length.
— Installed power ~ 4.5 MW

e Total 10 plants

— ~45 MW
— comparable to LHC cryogenics system
without with — without
quad quad quad RF unit
| 12652 | 12852 | 12652 | 37.956 (lengths in meters)
three modules
S o
k.4
RFunt _RFunt _ RFunt _ RFunt endbox standard string (4 RF units)
| 37956 | 3795 | 3795 | 37956 | 2500 | 154.3

four RF units (12 modules) plus string end box
three RF units (9 modules) plus string end bop /} short string (3 RF units)
116.4

Warm Warm

drift service XM service drift service
Space end box end box space end box
N 5 ]

” modules plus one per string x M s.drigs

S (One service box replaces a string end box.) 9 y F.

Std cryogenic unit length = N x SUIM +25: 2477 12652 (setas module slot length)
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e
H BDS

20

ILC2008e (hybrid) Beam Delivery Systems Layout

e Single IR and push-
pull detector

» Total length 4.45 km

1 TeV upgrade by -
inserting some
components (no 1

geometry change)

i i i i i i i i i
-2%00 -2000 -1500 -1000 -500 1] 500 {1000 1500 2000 2500
Z{m)
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1

BDS laser equip.
l' sight holes (3 ea.)

Beam dump servica hall
{30%20%4.5m)

Process waber
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Layout of BDS+DR

BDS/TR service
Sm din. <haft

(129.5 vertm) —\
BOS/SIR sarvice shaft

bAsE chvErn

(40l Sxi0m) —\

IR hall
16m dia, shaft
(129.5 wert.m

BOS wtilities
peniEtration \
Gevery 100m (22 ea.) 1R hali
l {12025x32m)

Dump station
1 20%1 01 0m)

—— BEDS personal cross overs
@ every 500m
{13.5%3%3m)

— Dump slation (2,226m)
{20x10x10m)

Elevation different between DR
and BDS is ~10 m
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'-,'E Layout of Detector Hall Complex

Detector Hall, Service Cavern, Access Shafts and Surface Buildings
Plan View and Sections

TE

Equipment passageway

]
|
|
|
| '
| 1
| i
| '
o | '
P \ & ' ' i .
I ."p—g’:‘l |'\_\ /7| :;E . _'r } t
w | o d o
= 7N B O i Y T ! '
N L . | | -
Al oy B ' sEEn:?sLaI-:ern A 15 |
] x X N 1
805 Detechars Hall | i | | !
10 x 252 35m P — | NS Datt | |
I D5 Detpctors Hall
2 shatts #16m Ehl 0= ;’:-: 35n | i
4 7 shatts @tén | i
Ela.ﬂ.].l.ﬂ_’l.el_/ | i‘ Travalling Crans 02T ! | i
| 1+ w201 \@ | [ !
| . 1 i
| o e I 1 : T i
i #ﬁk ! " m— L I !
H -— %
! | N Y L S - 1
i 3
T 1 l S Gall
120
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,-,'E Scale of International Linear Collider

16,088 SC Cauvities: 9 cell, 1.3 GHz

1848 CryoModules: 2/3 containing 9 cavities,
1/3 with 8 cavities + Quad/Correctors/BPM

613 RF Units: 10 MW klystron, modulator, RF distribution
72.5 km tunnels ~ 100-150 meters underground
13 major shafts > 9 meter diameter
443 k cu. m. underground excavation: caverns, alcoves, halls
10 Cryogenic plants, 20 KW @ 4.5° K each

plus smaller cryo plants for e-/e+ (1 each), DR (2), BDS (1)
92 surface “buildings”, 52.7 K sg. meters = 567 K sqg-ft total
240 M Watts connected power, 345 MW installed capacity
13,200 magnets — 18 % superconducting

29 Sept 2008 Global Design Effort 29
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,',IE Total ILC Value and Explicit Manpower

e Total ILC Value Cost ILCU 6.62 B

ILCU 4.79 B shared + ILCU 1.83 B <site specific>#

olus 14.2 Kk PErson-years explicit Manpower

= 24.2 M person-hours
@ 1,700 person-hr/person-yr

ILCU(nit) = $ (January 2, 2007)

#<site specific> = average of the three site specific costs

29 Sept 2008 Global Design Effort 30
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in ILC Value — by Area Systems

Main

Cost

Driver

(2}
c
Q
g
£ 5000 | Conventional Facilities
o C ts
Lzl) 1500 omponen
1,000 -
il - -
O [ [ [ [ [ [ - [
Main Linac DR RTML Positron BDS Common ExpHall Electron
Source Source
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,',IE ILC Value — by Technical Systems

3,000
2,500 +
c
S 2,000 -
g
@ 1,500 -
=
o
o 1,000 -
=
500 -
O I I I I \,_| I I_I |_| == I I
S ¥ & .© ) NG NS N S
SR I
& &8 e & & @ K KK
‘\\.\ Q" d\\ Qe 0(0 & \(\6 le < Na
& o & & ©
\ SN
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H/[ i
HH The GDE Post-RDR

 Publication of the RDR was a major milestone

e Analysis of the RDR design/cost — priorities
for Technical Design Phase

e Re-structuring of GDE into a more traditional
Project Structure
— Hierarchal org. chart
— Project Management Team

* Focus of TDP work:
— Risk mitigating R&D
— Overall Cost Reduction / Containment
(optimisation)
— Project Implementation Plan (PIP)

29 Sept 2008 Global Design Effort 33
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i GDE Time Line until 2012

2005 2006 2007 2008 2009 2010 2011 2012 2013

GDE process

1 Reference Design Report (RDR)

;’p W Tech. Design Phase (TDP) 1
LT TDP 2

Submission to international funding Loy for P

authorities/agencies Sﬁ";,‘my,sg,ron“”e“

- Updated technical design <—5

- Updated VALUE estimate LHC physics

- Project Implementation Plan

- (Updated physics case [LHC]))

29 Sept 2008 Global Design Effort 34
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,-,lL‘ TD Phase Project Structure

ILC Technical Design
Phase
Project Organisation

*—| Cavity Preparation |

b

“~——— Electron Source |

—[Civilﬂﬂnstructiun | 2T N

——— Cavity Integration J ——— Positron Source l

- | Conventional Facilities |

Ty Ty

~ { Cryomodule Design | -~ i Bunch Compressor |

| : E Global Controls : - )
. m . " l | . “~——| Damping Hings|

™y

' L} - I.--
| HLRF 1 : ¢ M Beam Delivery System
. |\ - = . . MDI
. k“--—| Main Linac Integration ] : . = = i
5 . . g K‘*-—| Simulation & Beam Dynamics ] .
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Plug Compatiblility for SCRF

Cavity

Cavity Plug-compatibility Can be flexible Alternate design
Standard R&D remain need to fit to

Material large/fine grain

Shape TESLA/LL/RE

Length 1,247

Beam pipe dia. 78 mm (80 mm)

Beam pipe seal Al-hex, (In, Helicoflex)

Jacket/cone NbTi/Ti SUS

He-vessel OD XXX

Tuner type Blade / slide-jack

Tuner slow Control/wiring spec.

Tuner fast (piezo) | Control/wiring spec.

Mag. shield Inside / outside

Coupler position

e-: downstream-end
e+! upstream end

Type

Fixed/tunable

Diameter (cold)

(warm)

High pr. code

Design pressure

2 bar (delta-P)

Material

Nb, .... SUS

29 Sept 2008
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Coupler

e+ upstream end

Bellow and tuner at

downstream end
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,,'E Layout Clustered Surface RF

Combine 300 MW from thirty 10 MW klystrons into one circular TE,,-mode evacuated
waveguide on the surface. With extra transmission losses one shaft serves ~2 km.

O downstream upstream

QO =) =) =) =) =) =) =) =) =) =) =) =) =)
11l nninrInnlinnioniinoniininililfnl e ¢ |

O Omm O Omm Omm Omm Omm Omm Omm O Omm Omm O Om= O== Share shaft w/
oppositely run PDS.

in surface building

in tunnel
|
- Tap off 10 MW every 38 m
Ch”S. Adolphsen for an RF distribution unit.
Chris Nantista
SLAC THP-DlFFS

-|-|' 9 CAVITIES ACAVITIES QUAD 4 CAVITIES |-| 9 CAVITIES |-i-
i 3 CRYOMODULES i
- 37 956 m -
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'-'IE Minimum Machine Concepts

1. Removal of service tunnel
—  XFEL-like solution
—  Surface klystron solutions
2. Integration of e+/e- sources with upstream beam deliver
system (same tunnel)
—  Move e+ undulator source to end of linac (250 GeV point)
— e-source and 5 GeV injector linacs share BDS tunnel
3. Main Linac - Novel high-power RF distribution
—  “klystron-clusters” on surface (30 klystrons/cluster)
- 30% MW “pipe” distribution over 1 km using over-moded wave-
guide
—  (single tunnel solution)
4. Main Linac — adoption of Marx modulator

5. Reduced beam-power parameter set

Potential cost savings

primarily via reduced
—  Half klystron/modulators CFS requirements
—  6km — 3km damping ring

6. Two-stage — single-stage bunch compressor

7. Remove all support for TeV upgrade
—  Mostly impacts BDS
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XXI. RUPAC



In

[P

29 Sept 2008

XXI.

RuPAC

FP7 WP 5: European Siting Study

:Ip

SEVENTH FRAMEWORK PROGRAMME
RESEARCH INFRASTRUCTURES
Construction of new infrastructures — preparatory phase

Combination of Collaborative Project and
Coordination and Support Action

ILC-HiGrade

International Linear Collider and
High Gradient Superconducting RF-Cavities

www.1lc-higrade.eu

Grant agreement number 206711

Annex I — “Description of Work”
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in Three Regional Sample Sites

o

Only one LC will be constructed in the world

In the RDR are deep site proposals in the
three regions namely in Japan, lllinois and at
CERN. (The design is optimized for deep
tunnels.)

Their benefits will be evaluated

ILC-HiGrade encompasses the European
side of the endeavour

The organization to allow site development
and selection must be specified

Site choice has to be technically prepared

29 Sept 2008 Global Design Effort 40
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'-"E Basis of CFS Cost Estimates

Underground Construction Unit Costs by Region / Site
12.12.2006

Size Americas Units ||[European Units [[Asian Units||Comments
4 Includes excavation, muck disposal, rock support,
5 —{lgrouting, lining, invert, drainage invert, and all other
—{lwork processes associated with the tunnel.
Tunnels 6
7 —_
7.5
Includes excavation, muck disposal, rock support,
9 lgrouting, lining, and all other work processes
associated with the shaft.
vecasrt 4| 20 MILCU / shaft -
15
16 $151'749(/ M
Sloped '
Access |35Sq. M
Tunnels
Waveguide ;
9 . 1143 CM Diameter
Penetrations
Small Small caverns based on roughly 3M x 3M cross
Vedi J|section, medium caverns on 6m x 6 M cross section,
Cawerns edium llarge caverns on 9M x 9M. Extra large based on 32M
Large _fwide, 35M high and 54M long. (particular to Americas
Extra large Region but other regions similar)
Passageway
Electrical
Mechanical . . . . . Includes ventilation, piped utilities and processed water.
Notes:

1.) Cost represent the final construction contract cost.

2.) Costs are based on the estimates established for the VLCWO06 meeting

3) The dimensions of the small excavation (3M x 3M) requires labor intensive small hand held equipment and / or small inefficient machines
for a drill and blast excavation. The size of tunnel needed to use efficient mechanized machines for drill an

4.) All values are in $USD.
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il TESLA Site at DESY in HH
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,-,'E Potential ILC Site at Dubna in Russia

Siting Studies in Europe
The Joint Institute of Nuclear Research
(JINR) in Dubna has proposed a site near
their institute, south of the Volga river. That
proposal comprises a machine close to the
surface but constructed using tunnel-boring
machines. Sufficient power from the Russian
national grid is available. The project will
assess the potential of such a site and
conclude on the benefits and risks.
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"l": General Layout of the Site Near Dubna
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H [

H Geological Cut of the Du

bna Sample Site
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ilp
HH Summary and Outlook

 Reference Design Report published in August 2007
— Consistent design, though detalls are still lacking

— Significant cost savings since the original version of BCD
(Dec 2005)

— Physics scope not reduced (energy, luminosity)
— Risk assessments underway
 R&D and engineering design issues still remain

— The next document will contain much more technical detail:
Technical Design Phase Report due 2010 / 2012

 The XFEL (with significant Russian contribution) is a
very important stepping stone towards the ILC!
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