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Confidentiality Issue

As of tomorrow noon, GDE “value
estimates” will be released. You will

then be able to share information that is
INn the RDR.

Value information beyond the RDR can

only be shown with permission of GDE
cost engineers (or myself)
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",’E The GDE Plan and Schedule
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HTA RDR ILC Schematic

— 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

RTML RTML

e+ Linac

30m radius

UNDULATOR ¢

e- Linac

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



i RDR Design
"o
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Max. Center-of-mass energy 500 GeV
Peek Luminosity ~2x10%% | 1/cm?2s
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




'-,l'l: RDR vs ILC Physics Goals

 E_, adjustable from 200 — 500 GeV
 Luminosity - det =500 fbtin 4 years
e Ability to scan between 200 and 500 GeV

 Energy stability and precision below 0.1%

 Electron polarization of at least 80%

e 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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The reference design was
“frozen” as of 1-Dec-06 for the

purpose of producing the RDR,
iIncluding costs.

It iIs Important to recognize this
IS a snapshot and the design
will continue to evolve, due to

results of the R&D, accelerator
studies and value engineering

The value costs have already
been reviewed twice

e 3 day “internal review” in Dec
* ILCSC MAC review in Jan

7-Feb-07
GDE/ACFA Closing Beljing

RDR Design & “Value” Costs

Summary
RDR “Value” Costs

Total Value Cost (FYQ07)

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)
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i ILC Value — by Area Systems

[
e_
Source

4,500
4,000 Main
3,500 Cost
3,000 - Driver
=
% 2500 -
LIJ » . - =
; 2000 - Conventional Facilities
>
1500 - Components
1,000 -
H will-
0 H B2 om =
Main RTML e+ BDS Common Exp Hall
Linac Source
7-Feb-07

GDE/ACFA Closing Beljing

Global Design Effort




in Main Linac Gradient Choice

JL T

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

e Optimum is fairly flat
and depends on detalls
of technology

e Current cavities have

optimum around 25 MV/m 2 — =

1.2 I I
1.18
1.16
1.14
1.12
1.1
1.08
1.06
1.04
1.02
1

35 40 45

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
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TESLA cryomodule
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4th generation
prototype ILC
cryomodule
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'-IE Cost Driver - The Main Linac

Subdivision Length (m) Number
Cavities (9 cells + ends) 1.326 14,560
Cryvomodule (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)

e Costs have been estimated regionally and can be
compared.
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ILC Value —Global & Technical Systems

. mCF&S
I\/I al n m Cavities & CM
ORF Power

C O St O Cryogenics

W Magnets & PS

D = @ Controls
rlve r m Vacuum

O Instrumentation

W Dumps & Collim

m Installation

e+ specific
o e- specific

Value - $M

m DR specific

Installation counted mostly as explicit labor —
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.'IF Main Linac Double Tunnel
IHU

penetrations
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','E CF&S Project Schedule

TENTATIVE OVERALL TIME SCHEDULE
T, = 2012

2007 2018

5 | -4 | 3| 2 | -1 | 41| 42 | 43 | +4 | +5 | +6 | +7

RDR/Reviews [ ]

Bid to Host Specs

Site Selection Process

Preparation of Bids to Host _

(All CFS)

Site Independent Eng. Studies ﬁllllll\

EDR (All CFS)

Selection of Main Consultants ; i

Site Investigations _

Call for Tender Preparation

(CE Works + early Services) —

(CE Works + early Services)

Call for Tender Procedure T .

Contract(s) Placing
(CE Works + early Services)

Administrative Procedures
+ Site Preparation Utilities S0l —

CE + other CFS Works

Machine Supply, Install, Assembly — L

Commissioning _

R&D 'F\\\\\\\\l\\\\\\\l\\\\\\\ A \\\\\\\\I\\\\\\\l\\\\\\\ﬁ\\\\\\\ SO




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
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3 Accolerator

RDR Overview — Chapter 1
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'-,"‘: RDR Report — Accelerator Description
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,',’E Schedule Post-Beijing

1. During the Beijing meeting, the EC will sign-off on all

sections to be released.

2. A PDF of the Beijing report will be submitted to the
ILCSC and after approval, posted on ILC main web.

(with Cost numbers and any improvements made this week)

3. April 1st, 2007 is the date for a final draft,

including a// sections, edited, reviewed and signed-

off by the EC
4. Supporting tech notes and CCRs should be in by Aprl

B. The final document will be published in summer,
2007, after external review.

RDR Report
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Elsctrons

i

1 msale

To produce electrons we will Arebigh-intensity two-nans-
sacond light pulses from alaserat 3 target and knodk out
billions of electroms par pulse. Wewill gathar tha clectrons
Lsing alectizand magnetk: Aelds 1o create banchis of pard-
des andliundy ibe m inlo & 250-metrz linzar acceleratorthat
bonsts Ehelr end gy b 5 Gev,

Paskmns

Fostirons, theantimatier pariners of dectnons, do not ox-
ket nahurally on 2arib To produce them we will send the
bilgh-energy eleciran beam thraugh anundaator, a spectal
armangament of magnets in which dectrans 1 sant on s
“rollarcouster” oourss. This turbulent miotkon will cause the
alctrons bo emi @ sleam of X-ray pholons. [ust bayond the
undalater the ekctrons wil ratum to the main accelara-
tor while tha photons wil hil a ticaniurealloy target 2nd
produca pairs of Zkictrons and postirors The peskronswil
be colkciad and laundsad Inbo thair own 250 -metre 55V
accelerator.

= E| 3=

Whien cresied, naftherchealedron nor the peskron bunches
arg compad encagh to yizld the high denstity neaded to
produuca copious collisiore insids the delactors. Wewill

salve Ihiks probik m by using saverrBlometrz-drcumferance
damping rings one for 2letrons and ona for postrons In
2ach ring the bunches will repeatedly braverse a series of
wigglars dewicasthat causes tha beam br|ectomes 1o wig-
@ and emit pheobore. This process miakes the bunches morz
compact. Each bunch will spend appeoa imataly two barihs of
 swond in |5 danping 1ing, cird ing roughly 16900 tmes
before baing keicked sut. Magnots will keepibe particlzs on
track and focussad In izl circular orbks around the ring,
LIpan axiting tha damping rings fhe bunches will bz a fw
millimetres kg and thinner than a human Baire

Boam Delvery Syskms

W will use two main lingaracce ermios Clinacs™|, ong for
ehctrons and ane for peskrons each 12 kDometneslong,

b2 aceelarie ik bunches of pakides toward b collision
point Each acced@rator consists of Supercondading cavities
nastled within 2 sarias of cooled vessels 1o fonm cryomod-
ulzs The moduks = Uquid helium to cool the cavites

& 271G, only slightly abowe absolutz zerg to maka them
supernconducting. e will launch trawlling clectromagnatic
wares inito the cavklesto™ push” tha particks through, and
accalerata Ehemms to energias upto 250 Ge'. Each elaciron
and positron beam wil then coniain an energy of ibout 1
klojoule, which cornesponds b2 an 17 mgs beam. power of
roughly 12 e gawatis.

Thewhols process of production of electrons 1 positrons,
damiping and soodkeration will repeat e Eimas cvry second.

081 LC: THE MACHME FOR THE PUTURS

The beam dalvery 2
In corderto maximisethe luminosity we will then fo ous the
bunches to axtremely small siaes Wewill use 3 sarks of
miagnats arrangz d aladeg bwo 2-k0ometn basm dellwry 5ys-
tams on 2ach skda of b collisken point bo focus the beams
b few nanomkiras inheighl and a few hundred nancms-
tres In width. The beam del very systzms will scraps off sty
particias in the baams 1nd protzc the sensitive magnets and
detactors Magnalzwill shear tha @kickrons and posirons ink
hea-on collisiones.

Thie detschors
Travelling o wardseach cthar it nearty the spead ofLight the
electron and poskron bunches wil colllde wikh & botal ensTgy
of up fo 5 ceo Ga's We will record the spactaoular collisiorns in
Ewa giant particle detectors. These work ks gigantic camaras,
taking sna pehots of te Hacting partidaes produced by The
electron-poskron annihilations. Tre two detzclos will Incor-
pamste diffarent but complamantary stafe-of-the-ar technoke-
gles fo capturs this precious Information abouk ewry partidz
preduced in 2ach collision Hawing thess iwo debaciors wil
allow sl crosschackng ofthe potantially-sabta physics
discom ry signatarns.
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'-"E How Good is the RDR Concept?

 The design has been carried out by Area Systems
that have been built up into an overall design.

e Technical system designs still immature, resulting in
lack of detalled specifications, requirements and
value engineering has been deferred
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,',’E Design Challenges - Availability

e |ILC is has about 10x the number of operating units
compared to previous accelerators with similar

availabilty goal (~ 85%)

« This will require significant improvements in:

* The avallability issue will need much attention during
engineering design phase.
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11 Design Challenges — Damping Rings

okm

The damping rings have
more accelerator physics
than the rest of the
collider

Requires Fast Kicker 5
nsec rise and 30 nsec fall
time

function ~ RF kicker

(dlsperswe)wavegmdecmty """"""""

el

} 05 r '
: - frequency .

s —>  wave guide groupévelocityvs. frequency € 205 —»>
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:Im  Electron Cloud in Damping Rings

o
ILC OCS DR 6km, ARC BEND, Mp=Zel10 and bs=6ns, SEV=14
AD e ff_.__.-a——‘--—\“ Electron cloud bUlIdUp
o 6.7 km ring and
- supp_ression effect of
g clearing electrodes
5 0™ biased at the indicated
4 voltages.
o £ e g clearing electrodes none
AR L e clearing electrodes +10 Y
e et L S A PR R clearing electrades +100Y
. ..... IJ ...... _clmnn*l‘m“: +1000V
0 100 200 3]] 4[!] 5{!}! ?nn

Time (n$)

Simulations show ~ 100 V is sufficient to suppress the

average (and central) cloud density by two orders of
magnitude. NEEDS EXPERIMENTAL DEMONSTRATION
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I GDE R&D Board (RDB)
GDE RDR / R&D Organization

[ ICFA ] [ FALC 1
FALC
[ st } [ Resource Board ]
GDE
Directorate
|
GDE
Executive Committee |

GDE GDE GDE
R & D Board Change Control Board | Design Cost Board
I

/ ) 4 )
[ S# Task Forces ] Global RDR
R&D Program Design Matrix

\- J J Hayano

GDE/ACFA Closing
Beijing



','E S-series Task Forces

For producing R&D plans

SO : Cavity Gradient R&D

S1: Cryomodule operating gradient R&D
S2 : Planning of Linac Test Facility Scale
S3 : Damping Ring R&D

S4 : Beam Delivery System R&D

S5 : Positron Source R&D

S6 : Control system R&D

S7 . RF Power Source R&D

/-Feb-07 _ Global Design Effort Hayano
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ip S2 Task Forces
"o

Leader : T. Himel (SLAC) & H. Padamsee(Cornel)
member : H. Weise, B. Kephart, C. Adolphsen
N. Toge, H. Hayano
(S.Nagaitsev, N.Solyak, L.Lilje, M.Ross, D. Shulte, K.Kubo)

Mission :make a report of required Linac Test Facility

meeting : Tele-conference every week,
face-to-face in Vancouver, KEK, Valencia.

document :
S2charge workplan5.doc

S2 report_v5.doc
http://www.linearcollider.org/wiki/doku.php?id=rdb:rdb_external:rdb_s2 home

1o ewnut UlIopdl vesiyll ciiort
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ip Concise S2report
IHu

Lessons learned from SRF acc. operation:
CEBAF, LEP-II, Cornel, TRISTAN, KEKB, TTF(FLASH)

Reasons of system tests:
28 items of possible reason are listed, and examined.

such as; component reliability test, beam base feedback test, ....
for minimum number of RF unit, for beam required, for being in string
required, test possibility at TTF, etc.

phase 1. 1 RF unit system test
phase 2: continuation of test for performance improvement
and industry produced modules (5 RF unit one year operation)

Milestones and timeline for system tests:

2009~2011: phase 1 1 RF unit test (type 3,4 -> DFM cryomodules)
~2013: phase 2 several RF unit test (final ILC unit, multiple manufacturers)

Cost estimation of system tests:

total sum for phase 1 (9 cryomodules + 2 RF system)
with non-beam facility and beam facility Hayano



i

Incredibly rough Phase 1 cost estimate per

1V system test
Phase Nep Nke CM cost | RF cost Basic Cost Sum
(M$) (M$) Infrastruc (M$)
. cost
(M$)
1 1 1 2 3 12 17
1.1 2 0 4 0 0 4
1.2 3 0 6 0 0 6
1.3 3 1 6 3 0 9
Subtotal 9 2 18 6 12 36
Non-beam related facilities 15
Beam related facilities 35
Total 9 2 18 6 12 86
7-Feb-07 Global Design Effort Himel
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o S3 Task Forces
Leader : A. Wolski (Cockcroft Inst.)
member : E. Elsen, J. Gao, S. Guiducci, T. Mattison,
M. Palmer, M. Pivi, J. Urakawa, M. Venturini,
M. Zisman

Mission : Develop coordinated plan for Damping Ring R&D

meeting : Tele-conference every week,
face-to-face in Cornel in Sep.’06,
will be in Frascati Mar. ‘07.

document :

https://wiki.lepp.cornell.edu/ilc/bin/view/Public/DampingRings/

https://wiki.lepp.cornell.edu/ilc/bin/view/Public/DampingRings/S3TaskForce/WebHome
Prioritized list of R&D objectives, Summaries of R&D activities, Summaries of resources,
Drafts of two Damping Ring R&D Plan Work Packages

7-Feb-07 i
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https://wiki.lepp.cornell.edu/ilc/bin/view/Public/DampingRings/
https://wiki.lepp.cornell.edu/ilc/bin/view/Public/DampingRings/S3TaskForce/WebHome

i Damping Rings R&D Issues

111
« The RDB S3 group has reviewed 76 R&D objectives for the damping
rings, and identified 11 as "Very High Priority". These fall into the
categories of:

 Development of a detailed R&D plan is in progress, detailing
objectives, resources, milestones and timescales.

« The R&D program at present test facilities (notably, KEK-ATF) could
be strengthened by future test faclilities (e.g. CESR-ta and HERA-DR).

o With over 25 institutions and 150 people interested or already involved,
coordination of R&D efforts is a significant issue.
Urakawa



H I Electron Cloud
U

o A draft of a detailed R&D plan has been prepared,

specifying goals and milestones for a range of
activities, including:

 The R&D plan takes account of resources that are, or
are likely to be, available.

o The present draft is still being discussed by S3: a
public version should be available soon.

 Many R&D activities are already in progress...

7-Feb-07 i Effort
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e On to the EDR ...

e What is the EDR?

— We will write down a definition, after more
dialogue with the GDE and ILC communities

— The general goal is to bring ourselves to the
point where we are “construction ready” and
can make a construction proposal. Clearly, the
minimum requirement is that we have done
“much of” the engineering and R&D needed
before construction

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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e On the the EDR ...

« How do we organize work?

— We propose to organize the work toward the EDR by
a Project Management and through formal work
packages.

— A work package = a commitment for accomplishing
tasks defined in our WBS

— Reporting will be to GDE Project Management office

— Work will be organized through MOUs +
attachments having formal “statements of work” for
defined time periods with defined deliverables,
milestones, reporting, required resources, etc.

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
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e On to the EDR ...

* Restructuring the GDE (see Brian Foster)

— General features of present GDE organization will
continues, but it will be strengthened for the EDR effort

 New Features

— Integrate a Project Management Office and function into
the GDE

— Strengthen system engineering and integration function
—top level integration + continuity of technical systems

— Enlarge effort, mostly in engineering areas

— Develop a project WBS (in EDMS system) that defines
both the breakdown of tasks or EDR work packages,
and required resources for design and construction.

— R&D program will be integrated with the EDR effort.
Priorities, milestones, ACDs, resource allocations will
be consistent with the EDR goals (also through R&D
Work Packages)

7-Feb-07 _ Global Design Effort 34
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ile ‘ On to the EDR .

 Timeframe for implementing new EDR
structures

— We have given the preliminary report (at their
request) to ILCSC. (Discussion tomorrow)

— The GDE dialogue we are having will continue
at least until Hamburg meeting. We will
appoint a task force to develop some models.

— A search for a Project Manager is underway
(suggestions welcome). The final plans for
EDR phase will need to be “owned” by the
Project Manager

-] L -] [} [ ] [-] . & (-] a L ] [-] . L) -] (-] [ ] [ [ ] L) -] [} [ ] [} L ] & L -] « & @& = & @& @ @ & =& = = =»
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,',’E 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

 On to the EDR !!!!
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