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.'IP 15t Milestone - ILC Baseline
JIF

Baseline Configuration -- Dec 2006

~31 km
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General Layout Plan 500 GeV

not to scale

Documented in Baseline Configuration Document
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:p Baseline to a RDR
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,',IE 2"d Milestone — ILC Reference Design

— 11km SC linacs operating at 31.5 MV/m for 500 GeV

— Centralized injector
 Circular damping rings for electrons and positrons
» Undulator-based positron source

— Single IR with 14 mrad crossing angle
— Dual tunnel configuration for safety and availability

~31 Km

Not to Scale

€
e-le+ DR ~6.7 Km
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e+ extraction
- & e+ injection & e- Injectiol

e- Linac UNDULATOR Beamine e+ Linac

Keep-alive or

~1.33 Km 11.3 Km + ~1.25 Km ~4.45 Km 11.3 Km ~1.33 Km



/s RDR Design
JIF

Max. Center-of-mass energy 500 GeV
Peek Luminosity ~2x103%# | 1/cm?s
Beam Current 9.0 mA
Repetition rate 5 Hz
Average accelerating gradient 31.9 MV/m
Beam pulse length 0.95 ms
Total Site Length 31 Km
Total AC Power Consumption ~230 |MW
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'-,IE RDR vs ILC Physics Goals

« E_, adjustable from 200 — 500 GeV
 Luminosity = det =500 fb1in 4 years
« Ability to scan between 200 and 500 GeV

* Energy stability and precision below 0.1%

« Electron polarization of at least 80%

« The machine must be upgradeable to 1 TeV

The RDR Design meets these “requirements,”

Including the recent update and clarifications of
the reconvened ILCSC Parameters group!
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'-'IE Parameters Report Revisited

 The ILCSC Parameters Group has given
updated selected clarification on
accelerator requirements, based on
achieving ILC science goals:

— Removing safety margins in the energy reach is
acceptable but should be recoverable without extra
construction. The max luminosity is not needed at the top
energy (500 GeV), however .....

— The interaction region (IR) should allow for two
experiments ..... the two experiments could share a
common IR, provided that the detector changeover can be
accomplished in approximately 1 week.
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ip o
1 RDR Cost Estimating

« “Value” Costing System: International costing

for International Project

— Provides basic agreed to “value” costs
— Provides estimate of “explicit” labor (man-hr)]

« Based on a call for world-wide tender:
lowest reasonable price for required quality

» Classes of items in cost estimate:
— Site-Specific: separate estimate for each sample site
— Conventional: global capability (single world est.)
— High Tech: cavities, cryomodules (regional estimates)

08-Feb-07 Global Design Effort
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,',IE Vancouver Cost Data

System July 18, 2006 - Cost Estimates received for Regional

description common| e- e+ | DR |[RTMY ML | BDS | Exp | Am | Asia| Eur

e- Source N

e+ Source N

DR N

RTML N

Main Linac

BDS N

Com, Op, Reliab

Control System N N N N N N N

Cryogenics N NN A N [ A

Convent. Facilities N N N N N N [ A N N N

Installation N N N N N N N

Instrumentation N N N N N N N

Cavities N N N

Cryomodules N N N N N N N

RF N N N N N N N N N

Magnets & PS \ v *

Dumps & Collim N N N N N

Vacuum N N N N N N

Accel Phys

\ = complete,  * = almost complete, missing something minor
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e Cost Roll-ups

Area Systems

Technical Systems

Vacuum systems

Magnet systems
Cryomodule

Cavity Package

RF Power
Instrumentation

Dumps and Collimators
Accelerator Physics

Global Systems

Commissioning, Operations &
Reliability

Control System
Cryogenics

e- e+ damping RTML main BDS
source source rings linac

A A A AAA




e

HTA Cost-Driven Design Changes

Area RDR MB CCR CCB approx. A$
BDS 2 14mr IRs supported 14 YES ~170 M$
Single IR with push-pull detector supported 23 YES ~200 M$
Removal of 2nd muon wall supported 16 YES ~40 M$
ML Removal of service tunnel rejected ~150 M$
RF unit modifications (24 ® 26 cav/klys) supported ~50 M$
Reduced static cryo overhead supported 20 YES ~150 M$
Removal linac RF overhead supported ~20 M$
Adoption of Marx modulator (alternate) rejected ~180 M$
RTML Single-stage bunch compressor rejected ~80 M$
Miscellaneous cost reduction modifications supported 19 YES ~150 M$
Sources Conventional e+ source rejected <100M$
Single e+ target supported in prep ~30 M$
e- source common pre-accelerator supported 22 YES ~50 M$
DR Single e+ ring supported 15 YES ~160 M$
Reduced RF in DR (6 ® 9mm 02) supported in prep ~40 M$
DR consolidated lattice (CFS) supported in prep ~50 M$
General Central injector complex supported 18(19) YES ~180 M$
08-Feb-07 11
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'-'IE Evolving Design = Cost Reductions

—o— Accumubted Cost Savhgs —#— FEach Cost Savihgs

July 2006

% reductbn to the Vancouver estm ate

" | some possible cost reductions (e.g. single tunnel, half

RF, value engineering) deferred to the engineering phase |

08-Feb-07 Global Design Effort 12
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The reference design was
“frozen” as of 1-Dec-06 for the
purpose of producing the RDR,
including costs.

It is important to recognize this
IS a snapshot and the design
will continue to evolve, dueto
results of the R&D, accelerator
studies and value engineering

The value costs have already
been reviewed twice

« 3 day “internal review” in Dec
« ILCSC MAC review in Jan

08-Feb-07
ILCSC/ICFA Beijing

RDR Design & “Value” Costs

Summary
RDR “Value” Costs

Total Value Cost (FYQ7)

4.87B ILC Units - Shared
+

1.78B ILC Units - Site Specific
+

13.0K person-years

(“explicit” labor = 22.2 M person-hrs @
1,700 hrs/yr)

For this estimate
1 ILC Unit =1 US 2007% (= 0.83 Euro = 117 Yen)

Global Design Effort 13




'-'IE ILC Value — by Area Systems

4,500
4,000 - Main
3,500 | Cost
3,000 Driver
>
% 25500
LIJ - - . -
; 2,000 - Conventional Facilities
>
1500 Components
1,000 -
H will-
0 | E = =
Main RTML e+ BDS Common Exp Hall e-
Linac Source Source
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i Explicit Manpower
o 13 K person-yrs = 22 M person-hrs

Explicit Labor - M person-hours
(@)
o
o
|

0:00 ‘ HHI_IHDDI:IIZI:.:._

“management” includes overhead

08-Feb-07 Global Design Effort 15
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e

o Value Funding Profile
% of Total Value per Year
20
TE
TE
’]i]-’/f
1247
104+ |
g1+ |
e+ |
a4+ |
247
-
1 = 2 - L & K

We are not using integrated cost/schedule
tools yet; but it appears feasible to develop
a realistic funding profile

08-Feb-07 Global Design Effort
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'-'IE How Good is our Cost Estimate?

« Methodology (value costing) is a practical way of
developing agreed to “international” costing.

 We have spent 2 year, developing methodology,
good WBS dictionary, technical requirements and
costing data requested. We spent another V2 year
doing cost vetting and cost / performance
optimization. VERY COMPLETE COST ANALYSIS
FOR THIS STAGE IN THE DESIGN

08-Feb-07 Global Design Effort
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Sanity Checks

Comparison with TESLA costs

TESLA TDR / M€ | Scatee=FESTA TOR T | ILC RORHwé~_| Difierence / M$
Total Cost 3136 Q 5018 ~6500 500
Civil Facilities 676 1082 7| ~ ( 1355
Underground 383 613 10?[3\7./ 457
Buildings
Surface Buildings 44 / 70 168 o8
Consultant 10 16 160 144
Engineering
Power Distribution 34 / 54 275 221
Water Cooling 70 / 112 374 262
Cryogenic System 162 26{]/ 67 307
Cryo Plant® 12 x 11 / 12x17 10 x34.3 139

"TESLA:6x43 kKW@ 2K
ILC: T0x35kW@ 2K

XFEL: 2.45 kW @ 2 K; 34.35 ME for

yogenic System

The difference is primarily in conventional facilities

08-Feb-07
ILCSC/ICFA Beijing
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'.'IE Main Linac Double Tunnel

penetrations
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'-'IE Cost Driver — Conventional Facilities

72.5 km tunnels ~ 100-150 meters underground
13 major shafts > 9 meter diameter

443 K cu. m. underground excavation: caverns,
alcoves, halls

92 surface “buildings”, 52.7 K sq. meters = 567
K sqg-ft total

08-Feb-07 Global Design Effort 20
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3605mm [11.83)

,',E Main Linac Tunnels
* Design based on two 4.5m tunnels
— Active components in service tunnel for access
— Includes return lines for BC and sources
— Sized to allow for passage during installation
— Personnel cross-over every 500 meters

4500mm [14.76']

1098mm [3.607
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i Conventional Facilities
Hu

Regional Comparisons:
Quote 2007$ — Escalate 2006$ by 10.6% U.S (Turner); 2-3 % other regions

ASIA TOTAL COST= $2,247,562 CIVIL ONLY= $1,377,765 Yen to US $ 0.0085714
AMERICA TOTAL COST= $2,540,439 CIVIL ONLY= $1,648,052 Euro to US $ 1.2
EUROPE TOTAL COST= $2,493,066 CIVIL ONLY= $1,608,407 Euro to Yen 140
US to Yen 116.7
> FY06 $
700 - B shared
600 site-specific illustrative only
< 500 -
&
W 400 -
<
= 300 |
200 -
0 | | ] | . | |_| | - B == .
S &) ) o 2 N Y ) < o ) X .
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:lr How Good is our Cost Estimate?
« Cost Estimate is ~ 30% level over the RDR concept.
However, there are some important limitations:
— The estimate is for a concept or reference design, not an
engineering design.

— The design will evolve, giving concerns of future cost
growth. We believe this can be compensated for by
deferred potential gains from value engineering

— Major Cost Drivers: Conventional facilities need actual
site(s) for better estimates (e.g. safety, one tunnel, shallow
sites, etc)

— Major Cost Drivers: Main Linac limited because of
proprietary information, regional differences, gradient,
uncertainties regarding quantity discounts, etc

* Risk analysis will be undertaken following this meeting

08-Feb-07 Global Design Effort 23
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'-’IE Cost Driver - The Main Linac

Subdivision Length (m) Number
Cavities (9 cells + ends) 1.326 14,560
Cryomodule (9 cavities or 8 cavities + quad) 12.652 1,680
RF unit (3 cryomodules) 37.956 560
Cryo-string of 4 RF units (3 RF units) 154.3 (116.4) 71 (6)
Cryogenic unit with 10 to 16 strings 1,546 to 2,472 10
Electron (positron) linac 10,917 (10.770) 1 (1)

* Costs have been estimated regionally and can be
compared.

08-Feb-07 Global Design Effort 24
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Main Linac Gradient Choice

Balance between cost
per unit length of linac,
the available technology,
and the cryogenic costs

Optimum is fairly flat
and depends on details
of technology

Current cavities have

optimum around 25 MV/m

1.4
1.18
1.16
1.14
1.12

1.1
1.08
1.06
1.04
1.02

35 40

45 50 55

Gradient MV/m
Cavity Qualified Operational Length Energy
type gradient gradient Km GeV
MV/m MV/m
initial TESLA 35 31.5 10.6 250
upgrade LL 40 36.0 +9.3 500

08-Feb-07

ILCSC/ICFA Beijing
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'-'IE Cost Impact of Lower Gradient

« We have given high priority to SO Cavity R&D program
to demonstrate baseline 31.5 MV/m

« Cost impact of running the ILC linacs with a range of
gradients (22-34 MV/m with an average of 28 MV/m)

« The Main Linac cost increases by 11.1% and the ILC
cost increases by 6.7% assuming Main Linacs are 60%
of the ILC cost.

From Chris Adolphsen

08-Feb-07 Global Design Effort 26
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,-IE Cryomodule Value Estimates

4t generation
TESLA cryomodule prototype ILC
cryomodule

08-Feb-07 Global Design Effort 27
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American vs European Estimate
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Cost of High Level RF by Region

Note: RF Dist’'n no’s from
Asia & Europe scaled for
CC#20 9-8-9 model

/]
/ / B Americas
M Asia
Some
components / / [J Europe
have no Mfg
base in Asia
RF Distribution Modulator  Klystron System Total
System Systsem
08-Feb-07 Global Design Effort 29
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ip RDR Report
JIE

* Three Documents will be presented to the
joint ICFA — ILCSC meeting tomorrow, then
will be posted

http://www.linearcollider.org/

— RDR Overview — (Stand alone and Chapter 1)
— Draft Reference Design Report

— The International Linear Collider - “ Gateway to
the Quantum Universe”

e Thanks to all that have contributed! A
fantastic accomplishment

08-Feb-07 Global Design Effort 30
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RDR Overview — Chapter 1

Executive
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GODE Diractor
3 Reglonal Directors
3 Acceleralor Leads
Design and Cost Board _ ~ Change Control Board  Cost Engineers
- ROR MEI’IEIQEIT‘IEM ""‘- 1
o Board o !
X GDE Direcior b ;
i J Accelerator Leads '+ change ru_quast =
oo 3 Cost Enginenrs . 2 e
. Integration Scientist . " sost information” o
I- ..: |I AlEﬂS"fﬂEl‘l‘lE lIl|=::::lll!!"""““..." .l.l 1'.
K 8 Illl | L "
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l.. || ! I.il"..-ll
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Elsctrans

-

1 bsale

To preduce electrons we will Are bigh-int ensity two-name-
zacond lighk pulses from & lazarat 1 farget and knede cut
billlons of electrome par pulse. We will gtk tha dlactrons
using alectric and magnetic Aelds o creae Banches of pan
des and laundh them inlo & 250-metre linear acczleraborthat
boosis their enangy bo 5 GeW.

PoBRmNS

Fostirons, the antimatier parners of decirons, do not ex-
kst naturally on @arib To produce them we will send the
high-enargy ekctran beam through an undulator, a special
ArmEngement of Magnets in which electrons 1m st on a
“rolier-coasier” course. This turbulent motion will cause the
wRctmns bo emik @ sheam of Xray pholons. [ust tayond the
undulator the gkeckrons will rebem o the main accelara-
tor while tha photonswil hil 1 Htaniumralloy targat 11
produce pairs of akctrons and pesitrons The posErons will
be collzctad and laundtwd Inko thair own 250-metra 55V
accelermkor.

nngs

Whian eteated, naither thegledron nor the pesk ron bunches
ara compast encugh to yield Ehe high danstiy needed to
procduce copious collisions Inslde the daleciors. Wewill

zolve thils problem by using saver-Hlometra-drcumperance
damping rings one foraledrons and ona for postirons In
zach Ang the bunches will repested Ly traverss 2 seris of
wigglers dewice sENIE causas Ehe beam trajectomes o™ wig-
@k and emit phiotore. This process makes e bunches more
compact. Each bunch will spend 1ppron imataly two benths of
a second in |k damiping, fing, cirding roughily 10 300 Hmes
befome baing kicked cuf. Magncts will keep iba particks on
track and focuss2d Lnibeir circular orbks around che ring,
Upon axiting the damping rings the bunch eswill ba a fw
mifllimstres borgg and thinner than a huran bair.

Tha damp

RDR Companion Document

Eaam Delvery Syskms

The Inacs

Wowill use two main lnear acoedaraio s LT, ong far
ehctrons and one for poskrons eech 12 klometnes long,

o accekmle iha bunches of partidestoward o collision
polnt. Exch accelerator consists of Supercondud ing cavities
niastled wihin a saries of cooled vessek o fomm oryomod-
ulzs The modukes w2 liquid helium ko cool thae cavitles

b2 -271'C, only slightly abowe absolube 2ers 1o maka them
superconducting, e will launch trywlling dectromagnatic
wares il the cavklesto “push” tha particks through, and
acczlerate them to energks upto 250 GeW Each eleciron
and positren beam wil then confain an energy of about 1
klojoule, whidh cornesponds b2 10 1¥ g2 beam power of
roughly 3o maga watls.

Thwheole procass of production of electrons 1nd postirons,

damping and sccakration will repeat fiv Eimes ewmry seoond.

0 1L THR FAATH ME FOR THE PUTURS

@

The beam oalvery systams

In crder bo mantmise the luminosty we will Ehen focus the
bunches to axtrz mely srall sizes. Wewill use 3 sarks of
magnats arrangad alorg two 2-kQometne beam dellw=ey 575-
tems on gach 5k of the collisken poind b2 foous the beams
o2 few nanomsires inheighl and a few hundred nancms-
Erez in width. Tha beam del ivery systams will scrapa of siny
particias In fhe baams and protzct he senstive magnets and
detachors Magnats will shear tha @kicirons and posirons inbs
head-on collisions.

The deltsddars

Travelling towards aach othar at nearly the spaad aflight the
electron and poskron buncheswill collide wikth & 1otl encTgy
afup to 500 Ga¥ Wewill recond thesspac i aular colllsions in
wogiant particle detectors These work|des gigantic camens,
taking snapeholzof the facting partides producad by the
gledtron-paskron annlhiations. The twve deteclors will Incor-
porsk e diffarzni buk complamantary stale-of-the-an fechnode-
he 10 cptuns il precious Infarmakion abouk cvery partidz
prostuced i 2ah collision Having thess two debastorswil
slowiial crosscheceing ofth polantially-sabda physics
discomry signaluares.



'.'IE Main Linac Double Tunnel

penetrations
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"IE CF&S Project Schedule

TENTATIVE OVERALL TIME SCHEDULE
T, = 2012

2007 2018

5 | -4 | 3 | 2 | -1 | 41| +2 | +3 | +4 | +5 | +6 | +7

RDR/Reviews I

Bid to Host Specs [

Preparation of Bids to Host —

Site Selection Process h

(All CFS)

Site Independent Eng. Studies —||||||

EDR (All CFS)

Selection of Main Consultants i

Site Investigations _

Call for Tender Preparation
(CE Works + early Services)

Call for Tender Procedure
(CE Works + early Services)

Contract(s) Placing -
(CE Works + early Services) i P i

Administrative Procedures

+ Site Preparation Utilities _ 1

CE + other CFS Works

Machine Supply, Install, Assembly _

Commissioning [

R&D h\\\\\\l\\\\\\\ OB \\\\\\\\l\\\\\\\}\\\\\\ ‘\k\\\\\\[\\\\\\\ SN




,',IE Summary & Final Remarks

 We have produced the ILC RDR as planned!

 The design is completely consistent with the
ILCSC physics goals and parameters

 We have produced a first version of the draft
RDR that will be presented to ICFA / ILCSC
tomorrow

08-Feb-07 Global Design Effort 36
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