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Electron-Positron Colliders

Bruno Touschek built the first successful
electron-positron collider at Frascati,
Italy (1960)

Eventually, went up to 3 GeV
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The rich history for e*e- continued as
hi gher energlies were ac:
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collider LQQ 99}
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can see quarks and a gluon ~1980
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LEP: Electroweak Precision Measurements

Winter 2003
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Three Generations of ete- Colliders
The Energy Frontier
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Circular or Linear Collider?

A Circular Machine r\VT“ Synchrotron
Radiation

i DE ~ (E*/m*R) m.E
I Cost ~aR +DbDE
~aR+b (E4/m*R)
i Optimization: R~E2 Y Cost~ c E?2

Circular
Collider

near 1 Cost (linear) ~ajL
Collider i wherelL ~E

~ 200 GeV ]

—

cost

Enerqy
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A TeV Scale ete- Accelerator?

A Two parallel developments over the 1990s (the science & the
technology )

i Two alternate designs--iwar mo and fncol do
the stage where the nNshow stoc
and the concepts were well understood.

I A major step toward a new international machine required
uniting behind one technology, and then make a unified
global design based on the recommended technology.
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Linear Collider Conceptual Scheme
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ILC Subsystems

A Electron source

To produce electrons, light from a titanium-sapphire laser hit a target
and knock out electrons. The laser emits 2-ns "flashes," each creating
billions of electrons. An electric field "sucks" each bunch of particles into
a 250-meter-long linear accelerator that speeds up the particles to 5 GeV.

A Positron source

To produce positron, electron beam go through an undulator. Then,
photons, produced in an undulator, hit a titanium alloy target to generate

positrons. A 5-GeV accelerator shoots the positrons to the first of two
positron damping rings.

A Damping Ring for electron beam

In the 6-kilometer-long damping ring, the electron bunches traverse a
wiggler leading to a more uniform, compact spatial distribution of particles.
Each bunch spends roughly 0.2 sec in the ring, making about 10,000 turns

before being kicked out. Exiting the damping ring, the bunches are about
6 mm long and thinner than a human hatr.



A Damping Ring for positron beam
To minimize the "electron cloud effects,"” positron bunches are injected
alternately into either one of two identical positron damping rings with 6-
kilometer circumference.

A Main Linac

Two main linear accelerators, one for electrons and one for positrons,
accelerate bunches of particlesup to 250 GeV with 8000 superconducting
cavities nestled within cryomodules. The modules use ligquid helium to cool
the cavities to - 2° K. Two 12-km-long tunnel segments, about 100 meters
below ground, house the two accelerators. An adjacent tunnel provides
space for support instrumentation, allowing for the maintenance of
equipment while the accelerator is running. Superconducting RF system
accelerate electrons and positrons up to 250 GeV.

A Beam Delivery System
Traveling toward each other, electron and positron bunches collide at 500
GeV. The baseline configuration of the ILC provides for two collision points,
offering space for two detectors.
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Linear Colliders are pulsed

All LCs are pulsed machines to improve efficiency. As a result:
A duty factors are small
A pulse peak powers can be very large

li 0.2 usdlms

<10-200 ms —————» RF Pulse

< 100 m - 300 km > i
Lo T T Bunch Train
ee 33— <16300 nsec —>_ > eeeecee. . ..

gradient
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Beam Loading

\ <+— Wwithout input
accelerating field pulse:

I
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filling loading
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ILC Design Evolution
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The ILC Reference Design
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ILC Baseline Configuration

1st stage
oy Electron

Undulator

Positron

os g Main Linac %
2nd stage
SGey @ Electron 3 8 Positron
Linac Q5 @
|

s Undulator
%9 Main Linac i Main Linac Q&

i nominal RS
Bunch charge N 1 - = - " »101%
Mumber of bunches Y 1230 - 2820 - 5640
Linac bunch interval iy, 154 - 308 - 461 ns
Bunch length T 150 - 300 - 500 pm
YVert.emit. YeEy 0.03 - 0.04 - 0.08 mim-mrad
IF beta (500GeW) i o 10 - 21 - 21 mim
,S;; 0.2 - 0.4 - 0.4 mim
IF beta (1 TeW) i s 10 - 320 - 30 mim
,.i:'l‘z_'; 0.2 - 0.2 - 0.5 mim
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A TeV Scale ete- Accelerator?

A Two parallel developments over the 1990s (the science & the
technology )

i Two alternate designs--iwar mo and fncol do
the stage where the nNshow stoc
and the concepts were well understood.

I A major step toward a new international machine required
uniting behind one technology, and then make a unified
global design based on the recommended technology.
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Linear Collier: Competing Technologies

Evolution from: SLAC & SLC

P
1.3 GHz - Cold
Evolution from: CEBAF & LEPII
+ TRISTAN, HERA, etc.
(e 11.4 GHz - Warm
! 12 GHz - Warm |
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GLC/NLC Concept

\ The JLC-X and NLC essentially
a unified single design with
common parameters

\ The main linacs based on 11.4
GHz, room temperature copper
technology.



N TESLA Concept

TR
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Dr|ve Beam
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current (150 A) low-
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Nominal accelerating
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Proof of concept ~2010
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Technical Review Committee

In Feb. 2001, ICFA charged a Technology Review
Committee, chaired by Greg Loew of SLAC to review the
critical R&D readiness issues.

The TRC report in 2003 gave a series of R&D issues for L-
band (superconducting rf TESLA), X-band (NLC and GLC),
Cband and CLI C. The most | mpo
those issues needing resolution for design feasibility.

R1 issues pretty much satisfied by mid-2004
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ILC o Underlying Technology

A Room temperature copper
structures

OR

A Superconducting RF
cavities
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ICFA/ILCSC
Evaluation of the Technologies

INTERNATIONAL LINEAR COLLIDER

TrECcHNICAL BEVIEW COMMITTEE

SECOND REPORT

2003

The Report Validated the Readiness of

L-band and X -band Concepts

Lecturel -2
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International Technology Recommendation Panel Meeting
August 11 ~ 13, 2004. Republic of Korea



Superconducting RF Technology

A Forward looking technology for the next generation of
particle accelerators: particle physics; nuclear physics;
materials; medicine

A The ILC R&D is leading the way Superconducting RF
technology
I high gradients; low noise; precision optics

26-0Oct-10 Linear Collider School 2010 26
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SCRF Technology Recommendation

A The recommendation of COLLIDER TECHNOLOGY C

ITRP was presented to
ILCSC & ICFA on August il el i

19, 2004 in a joint
meeting in Beljing.

A ICFA unanimously
endor sed t he
recommendation on
August 20, 2004

26-0Oct-10 Linear Collider School 2010 27
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Designing a Linear Collider

pre-accelerator
few GeV ¢

/

dgmping

() source

few GeV
[

final focus

main linac N
compressor collimation

Superconducting RF
Main Linac
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The Community Self-Organized

NTERNADOMA

First ILC Workshop
Towards an International Design of a Linear Collider NOV 13_15’ 2004

Novembey 138 (Sati through 158 (Man). 2004

KEK, High Energy Accelera tor Resaarch Organization
1-1 Cho, Tsukuba, Ibaraki 3050801, Japan

Proptas Conmdtoe
Wﬂ OV Mo M IID.\
M

Suanmd

~ 220 participants from 3 regions, most
of them accelerator experts
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Self Organization following Technology
Decision

A 1st ILC workshop at KEK November 2004

A ILCSC forms 5 technical WG + 1 communications and
outreach WG
A WG1 Parameters & General Layout
A WG2 Main Linac
A WG3 Injectors
A WG4 Beam Delivery & MDI
A WG5 High gradient SCRF
A WG6 Communications

26-Oct-10 Linear Collider School 2010
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Global Design Effort (GDE)

A February 2005, at TRIUMF, ILCSC and ICFA endorsed
the search committee choice for GDE Director

A On March 18, 2005,
| officially accepted
the position at
the opening of
LCWS 05 meeting
at Stanford

26-Oct-10 Linear Collider School 2010
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Global Design Effort

I The Mission of the GDE

A Produce a design for the ILC that includes a
detailed design concept, performance
assessments, reliable international costing, an
Industrialization plan , siting analysis, as well as
detector concepts and scope.

A Coordinate worldwide prioritized proposal driven
R & D efforts (to demonstrate and improve the
performance, reduce the costs, attain the
required reliability, etc.)

26-0Oct-10 Linear Collider School 2010 32
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GDE Begins at Snowmass

670 Scientists - o
e empers
attended two week " -0 oo

workshop el Europe 24
at ' Asia 16

' o
¥ oy P - TV g

» r
) g \ . _;’ ‘M
ol 5T
o Ly .

Snowmass

2005 International Linear Collider Physics and Detector Workshop
and Second ILC Accelerator Workshop

Snowmass, Colorado, August 14-27, 2005
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Birth of the GDE

and Preparation for
Snowmass

Enter the GDE -
Snowmass

WG1 Parms & layout
WG2 Linac

WG3 Injectors

WG4 Beam Delivery
WGS5 High Grad. SCRF
WG6 Communications

o Do o Do Do Do

Introduction of Global Groups

transition workshop Y project

To T Jo Io T> I

GG1 Parameters & Layout
GG2 Instrumentation

GG3 Operations & Reliability
GG4 Cost Engineering

GG5 Conventional Facilities
GG6 Physics Options

26-Oct-10
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GDE Organization for Snowmass

Technical sub-system

Working Groups

Provide input

Global Group /

AARD GOM Y

- ST VX

-rI

Sag oM VY

dd 9EOM Y
$99.1N0S BEOM Y
oeul] UleN ZOM Y

'uApq 1371 TOM Y

GG1 Parameters

GG2 Instrumentation

GG3 Operations & Reliability

GG4 Cost & Engineering

GG5 Conventional Facilities

Too| Too| To| To| o Do

GG6 Physics Options

26-Oct-10

Linear Collider School 2010
Lecturel -2

35



Designing a Linear Collider

pre-accelerator

few GeV
- () SOUrce

/

damping extraction

& dump
few GeV final focus [

main linac N
compressor collimation

Superconducting RF
Main Linac
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Technical Challenges: High Grad SCRF




Real Accelerating Structures: Cavities

Imposing boundary condition in the longitudinal direction, z, we have for each mode (for
example the TM,,) two waves: rightward-propagating (+z) wave and a leftward-

propagating wave The combination can give a wave with phase velocity v, O c

Traveling wave structure Standing wave structure

phé- afd Vg <cC Vph:Oand Vg=0

SR
£
3
y

—— Electric field
——— Magnetic field

p_mode
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Example of 9

-cell cavity performance.

- 3: RE quench 3
- ‘HEace=52.31MV/m| -
B R | Qo=097e10 |
'"‘5"--;'---'5----;'---1----ﬂix:"'---m-...- 1 hrair N

lllnl]nimx.&l:!;.’ R ot

oV AN SO Sy

________________________________________

LL quench
Eacc=47.34MV/mj i
Qo=1.13e10  |. IS quench ]
L ! —1 i |[Eacc=51.44MV/m|
Qo=0.78e10

_____

B e e e i EEEEF EEEE SEDEE SR

Reentrant Single cell cavity @ 2K

= Low Loss Single cell cavity @ 2K |; Pl
 ICHIRO Single cell cavity @ 2K [ 1t
PPN I U T O O A T A O T O A
0 10 20 30 40 50 60
Eacc[MV/m]
Figure 3: The results of high gradient measurements.

N

A Enormous R&D effo
establish SCRF acc

A We need more than

rts have been made world wide to
eleration technology.

10,000 units of this kind of cavity

- assembled in the cryomodule.
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Cavity Shape Optimization

Aperture, mm 70 60 70
K.% 1.9 1.52 2.38
K.= E/Eacc 1.98 2.36 2.39
K., mT/(MeV/m) 4.15 3.61 3.78
(rlQ), W 113.8 133.7 120.6
G, Ohm 271 284 280

26-Oct-10
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Luminosity & Beam Size

A fe, * Ny tends to be low in alinear collider

L fep[Hzl n,  N[10] s, [mm] sy [nm]

ILC 2x103 5 3000 2 0.5 0.005
SLC 2x10%° 120 1 A 1.5 0.5
LEP2 5x103%' 10,000 8 30 240 4
PEP-II 1x103* 140,000 1700 6 155 4

A Achieve luminosity with spot size and bunch charge

26-0Oct-10 Linear Collider School 2010 41
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Achieving High Luminosity

A Low emittance machine optics
A Contain emittance growth
A Squeeze the beam as small as possible

~5nm

Point (IP)

26-0Oct-10 Linear Collider School 2010 42
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Making Very Small Emittance

Linear Collider Scl
Lecturel -<




Al ATF
Accelerator Test Facility

Tungsten(Carbon) Cavity beam position monitor

Fast feedback kicker for beam position stabilization Wite SEanner v
Optical diffraction beam size monitor < L S
Stripline beam position monitor The diagnostic line for the extracted
/ low emittance beam
# Double kicker System for
glectron bea™ -‘%v N -t “"T“ M\l stable beam extraction
- P = SER TV L

The ATF2 plan:
realization of the nanobeam

27.6m

Cavity beam position monitor

Focus point (37nm beam size)

Modulator
Klystron

80MeV Preinjector [] l:] _ I @7

LLllz]l e ,
AT PG ’

: S i j’ 1 3 ° °
-/ Electron bearNESSSIINE DI | DR Tk as theinjector

®

Synchrotron radiation interference monitor

\

X-ray synchrotron radiation profile monitor
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Parametric Approach

A A working space - optimize machine for cost/performance

Parameter Trade-Offs

Linac
(relaxed within limits)

(BF-lgaleligle N adigle] IR (IP)
(sources) Beam extraction
min nominal max
Bunch charge N 1 - = - 2 » 101°
Mumber of bunches ny 1330 - 2820 - 5640
Linac bunch interval th 154 - 308 - 461 ns
Bunch length T2 150 - 300 - 500 £
Vert.emit. vey 0.03 - 0.04 - 0.08  mm-mrad
IFP beta (500GeV) & 10 - 21 - 21 mim
Gy 0.2 - 0.4 - 0.4 mim
IP beta (1 TeV) I 10 - 30 - 30 lay
e 0.2 - 0.3 - 0.6 iy




The Baseline Machine (500GeV)

January 2006

~31 km

RTML ~1.6km .

l 10 Km+~1:2/K:[r}_l —

\‘%,17 ML ~10km (G = 31.5MV/m)

/ 10 Km + ~1.2 Km

\ e ﬁrﬁi?ﬁﬂmﬁ _— L\
E}'(" sSion — 7""1.6 Km

Trombone +

U - Timing, Aux.
27mr - — 2mr BDS 5km :::;ct::&” DR ~6.6 Km 7m
~5 GeV
R = 955m e+ undulator @ 150 GeV (~1.2km) -
E=5GeV X2
not to scale
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From Baseline to a RDR

Jan July Dec

' '

Freeze Configuration
Organize for RDR

Review
Design/Cost
Methodology ®
Review Initial ®
Design / Cost Review Final

Design / Cost
RDR Document

Design and Costing Preliminary
RDR

Released
26-Oct-10 Linear Collider School 2010 _
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R e

Two tunnels
A accelerator units
A other for services - RF power

der School 2010
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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 Abuil dingso, 5#. 7 K

26-Oct-10 Linear Collider School 2010 50
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Civil Construction Timeline
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Superconducting RF Technology

A Forward looking technology for the next generation of
particle accelerators: particle physics; nuclear physics;
materials; medicine

A The ILC R&D is leading the way Superconducting RF
technology
I high gradients; low noise; precision optics
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Superconducting RF Cavities

High Gradient Accelerator
35 MV/meter -- 40 km linear collider

26-Oct-10 Linear Collider School 2010 53
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Improved Fabrication

Spinning (V.Palmieri INFN Legnaro)

Hydroforming, DESY, KEK

26-Oct-10 Linear Collider School 2010
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Improved Processing
Electropolishing

Chemlcal PO|ISh

~

B e el

| iasamang

DESY EP

KEK / Nomura EP

Electro mPohsh |
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Baseline Gradient

26-Oct-10
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The ILC SCRF Cavitv

Figure 1.2-1: A TESLA nine-cell 1.3 GHz superconducting niobium cavity.

- Achieve high gradient (35MV/m); develop multiple
vendors; make cost effective, etc

- Focus is on high gradient; production yields; cryogenic
losses; radiation; system performance

26-Oct-10 Linear Collider School 2010
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Yield Plot

The gradients for DESY data were off by +2MV/m

Not 08/09: large component of 2007, and very small component of 2009
Not 1st or 2"d test: instead, last (DESY) or best (JLab)

Included cavities fabricated by ACCEL, ZANON, AES, JLab-2, KEK-Ichiro
This is not the ideal data selection from which to infer a production yield

To To To I

Old version, ||~ Revised version (corrected only for mistakes)
shown at PAC, 2009 - same data shown " -
mDESY - _ /39 15t test
(25 cavities) B JLab (14 cavities) \
l , : r r r ) 100 13/39 2nd test
ol e Y 0 | 739 3 test
ol 32 I 3/39 4t test
g 60 [l = 60 1+ 3/39 5th teSt
= i S
2 N T 50 [ 1/39 8thtest
> 40 |-
20 E 30
" 20 |
>10 >15 >20 10 4+
Current status: 0
50% yield at ~ 33 MV/m; >10 >15 >20 >25 >30 >35 >40 >45

(80% >25MV/m) maximum gradient [MV/m]
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Defi nit1 on of O0Y

A Original SO concept assumed:
I Surface can be reset according to the EP process, and
I Multiple processes may be integrated for statistics.

A Several years of experience shows
I Repeat processing may cause degradation

A Processing and Test recipe has been updated
I Complete the process and test only with the first cycle
A no further processing if the results are acceptable

A Revision of the definition of
I Process (R&D) and Production definitions are different

T A common means for collection and evaluation of the data is
required

26-Oct-10 Linear Collider School 2010
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Creation of a Global Database

Activity Plan in 20009:
I Mid-July: Initial report to FALC
I End July:
A Determine whether DESY-DB is viable option (DONEA YES!)
I Aug. 19: (ILCSC)
A Status to be reported
i Sept. 28 - Oct. 2, 2009: (ALCPG/GDE)
A Dataset web-based
I to be Supported by FNAL-TD or DESY
A Explainable, and near-final plots, available, such as

I Production (and process) yield with Qualified vendors and/or All vendors, and
time evolution

I End Nov. 2009, with input from a broader group of colleagues, finalize:
A DB tool, web I/F, standard plots, w/longer-term improvement plan
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Proposed Global Data Collection -1

A Proposition 1: all cavities fabricated and processed according to
the following rough steps

I Fine grain sheet material

I Deep drawing & EBW

i Initial field flatness tuning

I Bulk EP for heavy removal

I H, removal with vacuum furnace
I Final tuning field flatness (and frequency)
I Final EP for light removal

I Post-EP cleaning

i Clean room assembly

I Low temperature bake-out

I 2K RF test

13. ARFgO2E09 ILC Cavityaspitsaicmpitase Study 62



Proposed Global Data Collection -2

A Proposition 2: accept understood variations, and combine samples to
maximize statistics, for example:
I Fine grain niobium irrespective of vendor
i EBW irrespective of prep design welding parameter
i Cavities with or without helium tank
I With or without pre-EP treat ment (BCP, CBP¢)

I EPirrespective of parameters & protocols
A Horizontal or (future) vertical EP
A H,SO,HF/H,0 ratio, pre-mixing or on-site mixing
A Cell temp. control or return acid temp. control
A With or without acid circulation after voltage shut off
A Post-EP cleaning: Ethanol rinse or Ultrasonic cleaning or H,O, rinsing
I H2 out-gassing irrespective of temp. & time
i HPRirrespective of nozzle style, HPR time
i Clean Room assembly irrespective of practice variability

A Additional note: The variations of BCP/EP, fine-grain/large-grain are not considered as acceptable
variation in this statistical evaluation.
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Example New Yield Plot

AVertical axis: fraction of cavities satisfying criteria where:

I Denominator (logical and of the following):
A Fabricated by ACCEL or ZANON
A Delivered to labs within last 2-3 years
A Electro-polished
A Fine-grain material

I Numerator (logical and of the following):
A Denominator
A Accepted by the lab after incoming inspection

A 1st successful vertical RF test,

I excluding any test with system failure, has max gradient >
(horizontal axis bin) MV/m;

i ignore Q-disease and field emission (to be implemented in
future)

AHorizontal axis: max gradient MV/m

AExclude cavities which are work-in-progress, i.e., before
rejection or 1st successful RF test

yield [%)]

&
S

=
1<)
S

©
S

©
S

=
=)

@
S

@
S

@w
S

I}
S

=
o

o

Electropolished 9-cell Cavities

ODESY first successful test of cavities from qualified vendors - ACCEL+ZANON (15 cavities)
D@ JLab first successful test of cavities from qualified vendors - ACCEL (7 cavities)

i i
ﬂjr

. [ ]

>10 >15 >20 >25 >30 >35
max gradient [MV/m]

>40

Note: These are results
from the vertical CW test
at DESY and JLab
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yield [%]

Compari son 001 do vs

Old
New

Electropolished 9-cell Cavities

O DESY last test (25 cavities)
W JLab best test (14 cavities)
» OO DESY first successful test of cavities from qualified vendors - ACCEL+ZANON (15 cavities)

O JLab first successful test of cavities from qualified vendors - ACCEL (7 cavities)

O

100

80 1

70 1

60 |

50 1+

40 1

30 1

TT

>10

>15 >20 >25 >30 >35 >40
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Preliminary Conclusions

A The global database team has been formed to
I Understand the cavity gradient status in a common-way, world wide

A The effort has started with
i Checking of the 060l ddé yield plot prese
I Revision of the yield plot with some correction:

A The yield at 35 MV/m in a vertical test remains 50+/-13% for JLab
results, and is corrected to 28+/-9% for DESY results

I Agreement to use the DESY Database system for superconducting cavities
A Anew Opr odu cisbeingdefinedwitth the 15t pass (and 2nd
pass)
I Introduced and under evaluation.

A The yield at 35 MV/m in a vertical test remains 43+/-19% for JLab
results, and is corrected to 13+/-9% for DESY results

20-Adg-0¢-10 : i s
ILCSC - Hamburg GT%%(QL%?QW Btfort



Plug Compatibility Concept

Proposed in the specification

\X/z
Helium ‘essel Body KEK-STF-BL KEK-STF-LL \Frlﬂ L-T4CM DESY—XFEL
Helium Jacket|hMaterial Ti sus| = L Ti
Slot length, mm 1337 1337 1326.7 13982 Typedd
Distance between beam pipe flanges, m 12526 12543 12474 1283.4
Distance hetween bellows flanges, mm 784 23,2 8045 (cold)
Ciuter diameter, mm 242 236( L 240 ) 240
Eeam Pipe Flange|hMaterial MbTi Ti METi BT
O ter diameter, mm 130 140 140 140
Inner diametaer, mm g4 20 g2.8 a2.8
Thickness, mm 14 173 17.5 17.5
PCD, bolts $115, 1640 $120, 16—49 12, MB 55 studs| 12, MB 55 studs
Zealing \_  Helicoflex k-0 seal Al Hex Seals| Hexaoonal Al ring
Distances between the connection
surface and input coupler axis G2 —11965 521, 12139l | G06, 11868 | 606 —12228

26-Oct-10
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Superconducting RF Linac Technology

SCRF Linac
Technology

coupler tuner
LLRF .
26-0ct-10 Linear Collider School 2010 68
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ILC Reference Cryomodule

Developed by INFN for TTF-TESLA
3'd generation of improvements
Many years of successful operation
Baseline for XFEL and ILC
Reference for others (Project X, etc)

To To To To I
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One ILC Linac RF Unit

Cavity : TESLA shape,

cryomodule : 3 cryomodules/ RF unit,

31.5MV/m @Q0=1E10 Q-magnet + X&Y correctors 9(8) cavities / cryomodule
(Blade tuner), Piezo tuner, supportpost + BPM, ( total 26 cavities / RF unit )
TTF3 coupler N in center of cryomodule, /
N .. Q-magnet in every 3 cryomodules /
\\.\ \_\\ y I)-
g i / HOM absorbar

\\ y
™, i

i cryomodule connection

cryomaodule connection J .H

- ‘f A ', eouph
Linear RF Power distribution MW Line Xi }( SN Line oplitter \\ circulator v-"p'ﬂm/
with circulator & stub or EH tuner for every stub tuner cryomadule
cavity input
Bouncer Modulator
Front end electronics

10MW Multi-beam

Klystron,

socket assembly

1:12 Pulse Trans
RF power system limits 33MV/m operation.
RDR configuration
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Standard ILC RF Unit

1 klystron for 3 accelerating modules, 9-8-9 nine-cell cavities each

vector

modulator MBK Klystron

.
- S
7 LN
! 7 1 1
J_‘_ = -
| VA |
N
N

vector sum

<

) circulator
3 stub tuner (phase & Qext)

L coaxial coupler

Mechanical tuner

(frequency adj.)

and piezo-electric tuner
(Lorentz force compensation)

AN
.| JE— |.| AV
cavity #8 ~—
(
pickup signal

vector

demodulator

accelerator module 1 of 3
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The EXxisting FLASH at DESY

collimator undulators

FEL
compressor compressor experimental

4 MeV 150 MeV 450 MeV 1000 MeV area
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TTF -FLASH System Performance

35
mraa
ILC ™
30 B -
— >
E [
S 25 — * »
= XFEL|—% s
I~
% 20 L
o | M Cavity average
O . .
E 15 . # Cperational in FLASH
=
®
210
o
5
0

Oct-95 Mar-97 Jul-98 Dec-99 Apr-01 Sep-02 Jan-04 May-05 Oct-06 Feb-08

A more flexible RF Distribution System will allow higher operation gradient
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Reference Design i Regional Differences

Tunnel Diameter

A Both tunnels are 5 meter diameter (Fixed)

A 5 meters in Asia & 7.5 meters elsewhere between tunnels
(for structural reasons)

A 5 meters between tunnels required for shielding

o el MG RRTR TETE
LASSE RS RS W T S o T ——
F L L3 Lt | FREECREE B =2 E
e L -|II-‘.-IPII- |!P % I':E.l%hb_
1 v T
awl vy
g o EFTLIH A T : e 1
= s} L o — - b . E
:." : w7 w::l;. |:|_ '.'.::‘:-\. ..:-_\'R'. :I. 1 .
o o AT — —'-:H ------ H !
o—3 e
----- = g
)
—-J = 5 h-
{ e _I!_ .ﬁ. e :::l"l‘. -:|.
AR i'l g
[t =
&
SECTICM Ry
Ll
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Baseline Features T Electron Source

A Electron Source i Conventional Source using a DC -

Titanium-sapphire laser emits 2-ns pulses that knock out electrons;
electric field focuses each bunch into a 250-meter-long linear
accelerator that accelerates up to 5 GeV

DC gun(s)
~—A . laser

room-temperature standard ILC
accelerating sect. SCRF modules

’ ins
>

sub-harmonic diagnostics
bunchers + solenoids section
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Baseline Features T Positron Source

A Positron Source i Helical Undulator with Polarized

beams | 150 Gev electron beam goes through a 200m undulator

iIng making photons that hit a 0.5 rl titanium alloy target to produce
primary positrons. The positrons are accelerated to 5-GeV accelerator
source ~ before injecting into positron damping ring.

Positron Linac

E 150 Gevll { 100 eV

Helical

Undulator Target e
In By-Pass Dump
Line
Photon
(L -@- Beam Dump
Photon .
etpre-
Auxiliary e Target accelperator
Source ~5GeV
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6 Km Damping Ring

- 6km Requires Fast Kicker 5
- nsec rise and 30 nsec fall
time
) function ~ RF kicker
. (dispersive) wave guide ..
0
~1 )

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

- frequency !

«—0ns —>  wave guide sroup velocity s, frequency € 2005 —>
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ILC Cryomodule

+2 K forward

¢ K retum 3 K forward
Increas soxu;‘_ttx'a:l‘ ) 40 K forward Increase
diameter diameter
beyond  sxrews beyond
X-FEL — F i PP X-FEL
Review
{{ 2-phase pipe
size and

effect of slope
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Thales

RF Power: Baseline Klystrons

Toshiba

Specification:
10MW MBK
1.5ms pulse

65% efficiency

26-Oct-10
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Baseline to a RDR

Jan July Dec 2006

' '

Freeze Configuration l
Organize for RDR

Review
Design/Cost
Methodology ®
Review Initial ®
Design / Cost Review Final

Design / Cost
RDR Document

Design and Costing Preliminary
RDR

Released
26-Oct-10 Linear Collider School 2010 _
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Cost-Driven Design Changes

Area RDR MB CCR CCB approx. D$
BDS 284mr IRs supported 14 \Y ~170 M$
Single IR with push-pull detector supported 23 \' ~200 M$
Removal of 2nd muon wall supported 16 \' ~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 U ~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 \' ~150 M$
Sources Conventional e+ source rejected <100M$
Single e+ target supported in prep ~30 M$
e- source common pre-accelerator supported 22 \% ~50 M$
DR Single e+ ring supported 15 \' ~160 M$
Reduced RFin DR (6 - 9mm s2) supported in prep ~40 M$
DR consolidated lattice (CFS) supported in prep ~50 M$
General Central injector complex supported 18(19) \ ~180 M$
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The Evolving Baseline

Baseline Configuration

~31 km

~5 Km

e+ Linac
1 Km + ~1.2 Km

sion Lm

e- Linac

10 Km + ~1.2 Km ——

General Layout Plan 500 GeV

not to scale /

Removal of second e+ ring
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The Evolving Baseline

Baseline Configuration ~P2mping Ring

~31 km

~5 Km

e+ Linac

s 1 Km + ~1.2 Km ‘
R —— ~1 ‘6 Km

Extension
Trombone +
Timing, Aux.
Sources & e+
Booster

e- Linac

~M2 KM eemee—

10 Km +

General Layout Plan 500 GeV

not to scale

Removal of second e+ ring

simulations of effect of clearing electrodes on Electron Cloud instability
suggests that a single e+ ring will be sufficient

26-0Oct-10 Linear Collider School 2010 84
Lecturel -2



The Evolving Baseline

Baseline Configuration

~31 km

~5 Km

e+ Linac

10 Km + ~1.2 Km
o L e O

e- Linac

10 Km + ~1.2 Km ——

General Layout Plan 500 GeV

not to scale

Centralised injectors

Place both e+ and e- ring in single centralized tunnel
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The Evolving Baseline

Baseline Configuration

e- Linac

10 Km +~1.2 Km

e — e L )
X,

General Layout Plan 500 GeV

not to scale

Centralised injectors
Place both e+ and e- ring in single centralized tunnel

Adjust timing (remove timing insert in e+ linac)
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The Evolving Baseline

Baseline Configuration

e- Linac £
10 Km + ~1.2 Km o — : — L\
~l2Kms Y — ~1.6 Km
\ ~1.6 INDULATOR
. 7n

27mr

General Layout Plan 500 GeV

not to scale

Centralised injectors
Place both e+ and e- ring in single centralized tunnel

Adjust timing (remove timing insert in e+ linac)

Remave BDS e+ hypass
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The Evolving Baseline

Baseline Configuration Long 5GeVlow-emittance
transport lines now required
~30 km /

e- Linac

10 Km + ~1.2 K e fn o L—m
\ ~1.6 INDULATOR

General Layout Plan 500 GeV

not to scale

Centralised injectors
Place both e+ and e- ring in single centralized tunnel

Adjust timing (remove timing insert in e+ linac)

Remave BDS e+ hypass
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The Evolving Baseline

Baseline Configuration

e- Linac

10 Km + ~1.2 Km

/"”/]m/,j::/”'gﬁv%* ——
1.6
5 2

General Layout Plan 500 GeV

not to scale

Single IR with Push -Pull Detector
Final RDR baseline
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ILC Reference Design

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

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

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

~31 Km

Reference Design 1 Feb 2007

Not to Scale

¢
e-/e+ DR ~6.7 Km

UNDULATOR  geamiine

eeeeeeee

RTML

)

| 30m radius

e+ Linac

~1.33 Km



Parameters Report Revisited

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

I 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
é .

I Theinteraction region (IR) should allow for two experiments
é . the two experiments could share a common IR, provided
that the detector changeover can be accomplished in
approximately 1 week.
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RDR Design Parameters

Max. Center-of-mass energy 500 GeV
Peak Luminosity ~2x1034 | 1l/cm?3s
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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ILC site power: ~ 230MW

Main Linacs Sub-Systems 90

140 MW

RF

Cryogenics:
40 MW

65%

60%

[

—>

MW

, ~_

Injectors
Damping rings
BDS

Auxiliaries

Beam Power
22 MW
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RDR Cost Estimating

AfiValued Costing System: l nt er

International Project

i Provides basic agreed to Avalueo

i Provides estimate of-hfJexplicito

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

A Classes of items in cost estimate:
I Site-Specific: separate estimate for each sample site
I Conventional: global capability (single world est.)
I High Tech: cavities, cryomodules (regional estimates)
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Evolving Design A Cost Reductions

July 2006

% rducbnbtheVancouveresim ae

—e— Accum ubedC ostSawngs —=— Each C ostSawngs

26-Oct-10

Some possible cost reductions (e.g. single tunnel, half RF,
value engineering) deferred to the engineering phase
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RDR Desi g

n & oVal uebod

The reference design
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, due to results of the R&D,
accelerator studies and value
engineering

The value costs have already been
reviewed three time

A3 day Ainternal revi]
AILCSC MAC review in Jan
Alnternational Cost Review (May)

£ Value = 6.62 B ILC Units

wa s ﬁgum)marlyé as
RDR nVal ueo

Total Value Cost (FYQ7)
4.80 B ILC Units Shared
+

1.82 B Units Site Specific
+
14.1 K person-years

e(\ﬁgxplni c[jetcc‘) | a b cehrs
@ 1,700 hrs/yr)

1 ILC Unit = $ 1 (2007)

0]
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RDR Complete

A Reference Design Report (4 volumes)

Reference Design Report Reference mﬁﬂﬁl '
Executive Physics
Summary at the
ILC
T AN Accelerator RISl
B
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RDR vs ICFA Parameters

A E.,, adjustable from 200 i 500 GeV

A Luminosity A UJdt =500 fbtin 4 years

A Ability to scan between 200 and 500 GeV
A Energy stability and precision below 0.1%

A Electron polarization of at least 80%

The RDR Design meets t hes

Including the recent update and clarifications of the
reconvened ILCSC Parameters group!
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Preconstruction Plan for Fermilab

~ Boundary

of Fermilah ——— 1 ~5.5km Site Characterization of
the Central Area can be
done

~55km __
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