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ILC in @ Nutshell

e 200-500 GeV E_, e*e™ collider
L ~2x103% cm2s?
— upgrade: ~1 TeV

* SCRF Technology
— 1.3GHz SCRF with 31.5 MV/m
— 17,000 cavities

.5 km — 1,700 cryomodules

— 2%11 km linacs

* Developed as a truly global
collaboration

— Global Design Effort — GDE

— ~130 institutes
— http://www.linearcollider.org/ILC
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Accelerator (general)

500 GeV Parameters

Max. E_,,
Luminosity
Polarisation (e-/e+)
Ogs

o,/ o,
cFZ

Yex / YE,
By / By

bunch charge

Number of bunches / pulse
Bunch spacing

Pulse current

Beam pulse length

Pulse repetition rate

Average beam power
Total AC power
(linacs AC power

500 GeV
1.8x1034 cm2s?
80% / 30%
4.5%

574 nm /6 nm
300 um

10 um /35 nm
11 mm / 0.48 mm
2x1010

1312
554 ns
5.8 mA
727 pus
5Hz

10.5 MW (total)
163 MW
107 MW)
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,',',‘: 1.3 GHz Superconducting RF Cavity
s | ¢ solid niobium

* standing wave

* 9cells
* operated at 2K (LHe)

35 MV/m
¢ Q,>10%
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The Quest for High Gradient

60 ‘ ‘ ' ' ' - o
| CEBAF: CW SRF Linac ® Sincle-cell R&D i B Des diont
| European XFEL & ILC: Pulsed SRF Linac N M'”9 e-ce resu ° esign gradien
ulti-cell R&D result ' B Achieved gradient
50 | Qualify |l B
ILC 1TeV Upgrade Very-high-gradient R&D ® ]
Design ,all m— ||
40 |
ILC 500GeV
I N
30 | Y -
FLASHPXFELA1
European XFEL 17.5GeV - _E“mpea” XFHEHL"“
TTF / FLASH FLASH SASE operation
20 CEBAF 12 GeV upgrade [l C100 design goal _llllli
Il C50 module rework
10 | =
4 GeV physics run 6 GeV physics run
CEBAF [l Design goal <. 1 |
0 ‘ . ‘ ‘ . ‘ | courtesy angli Geng (JLab]
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N. Walker (DESY) —

ILC Worldwide Event — CERN — 12 June 2013



Mechanical
Fabrication

Surface repair
(grinding/polish)

k[J

S

I<

Bulk EP of inner-
surface
(100-120 micron)

Helium tank assembly

EBW of helium
vessel ring and
bellow section to
conical disks on
cavity

TIG welding
of helium
tank

1stpass ——pp
2nd pass )— >
mech. repair )——>

Ethanol or
detergent rinse
(sulphur removal)

Ethanol or
detergent rinse
(sulphur removal)

Assembly of FMS
(required for helium
tank welding)

Disassembly of

o
H
[

Assembly of pick-
up, HOM coupler
flange and high-Q
antenna

Road to High Performance

} T
\4

Final EP
(40 micron)

2nd Pass EP
(<20 micron with
helium tank)

A TN

Surface repair

E3

(grinding/polish)

.-

Disassemble pick-

up, HOM coupler

flange and high-Q
antenna

gh-Pressure

&
=
@

(to cm assembly)

r\___c

FE limited

BD li

Rinse (HPR)

mited

800° C annealing and
120° C baking
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20

GDE global database

Worldwide gradient R&D

!

>

e >28 MV/m yield
e >35 MV/m yield

N Exceeds 2005
GDE R&D goal

ILC accelerating
gradient spec:

31.5 MV/m +20%

2006-2007(3) 2008(10) 2009(9) 2010-2012(16)

Test Date (number of cavities)

Qualified cavity vendors  Asia—2; Europe —2; US—1

Asia — KEK; Europe — DESY; US — JLab, FNAL, ANL
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-'l'l: Cryomodule construction
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-'IE Cryomodule construction
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iln Cryomodule construction
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CRYOMODULE

ilp ™\ RF Power Generation

WAVEGUIDE

KLYSTRON

1960.45
-

3800 3500 ! 3700

11000

accelerator cryomodules

location of

shield wall upgrade klystron

GRS

) {
i |
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,-,"': Worldwide Cryomodule Development

CM1 at FNAL NML module test facility

S1 Global at KEK SRF Test Facility (STF)

PXFEL 1 installed at FLASH, DESY, Hamburg
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,-,"': Worldwide Cryomodule Development

PXFEL 1 installed at FLASH, DESY, Hamburg
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Maximum gradient [MV/m]

45

- Vertical test
40 - Cryomodule

36.1 MV/m

32.5 MV/m

35

30

25

20

15

10

Cavity No.

PXFEL 1 installed at FLASH, DESY, Hamburg
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Laser harmonic tics

o

RF Gun Bunch Bunch Station

Compressor Compressor

3rd  Diagnos-

Accelerating Structures

XFEL [ ILC FLASH | 9mA

(upg.) | design | studies

Bunch charge | nC | 1 3.2 1 3

# bunches 3250 | 2625 | 7200° 2400

Pulse length pus | 650 970 800 800

Current mA | 5 9 9 9

Many basic demonstrations:

- heavy beam loading with long bunch trains
- operation close to quench limits

- klystron overhead etc.

Development (LLRF & controls):
- tuning algorithms

- automation

- quench protection etc.

iIn FLASH@DESY 9mA Experiment

40.0 ACC6 |  Acc?

35.0

30.0 .

25.0

20.0

15.0

1000

Mll"
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European XFEL @ DESY

Bunch Compressor

Injector

Main Linac
Collimation

Institute

Component Task

CEA Saclay / IRFU, France

CNRS / LAL Orsay, France
DESY, Germany

INFN Milano, ltaly
Soltan Inst., Poland
CIEMAT, Spain

IFJ PAN Cracow, Poland
BINP, Russia

Cavity string and module assembly; cold beam position
monitors

RF main input coupler incl. RF conditioning

Cavities & cryostats; contributions to string & module
assembly; coupler interlock; frequency tuner; cold-
vacuum system; integration of superconducting magnets;
cold beam-position monitors

Cavities & cryostats
Higher-order-mode coupler & absorber
Superconducting magnets

RF cavity and cryomodule testing
Cold vacuum components

Beam Distribution -

Largest deployment of
this technology to date
- 100 cryomodules
800 cavities

17.5 GeV

The ultimate ‘integrated
systems test’ for ILC.

Commissioning with beam

2"d half 2015
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,-,'E Beyond the SCRF Main Linacs

e+ bunch
Damping Rings IR & detectors compressor

e- source

. et
e- bunch e+ source \,/
compressor z positron 2 km
€ ' main linac
11 km

not too scale
central region

) 5 km
electron //////
main linac -
11 km o | |
2han = - injectors (sources and damping rings)

- final focus system and interaction
region

N. Walker (DESY) — ILC Worldwide Event — CERN — 12 June 2013 18



30m radius ), RTML
~1.4)km fmead
e- Linac
Beamline
~11/1 km
o
Central ]
H ~ 11 km
Region
e- extraction
~ 2|25 km &

| e+ injection

~ 2|25 km

e- injection

e+ extraction
&

e-/e+ DR
~3.2 km

~11

\r____,.———-"“

0 km

e+ Linac
Beamline

~1.4

km

30m radius ‘\ RTML

7 mrad

5 km

Not To Scale

Central Region

5.6 km region around IR

* Systems:
— electron source
— positron source
— beam delivery system
— RTML (return line)
— IR (detector hall)
— damping rings
e Complex and crowded area

> T YL @ < detector
e e
f<——— e+ main beam dump
14 e- BDS muon shild

e- BDS

common
tunnel

Damping Rings
|
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ilp ino Ri
i Damping Rings

| 712 m | Circumference 3.2 km
‘ ‘ Energy 5 GeV
RF frequency 650 MHz
\ wiggler \ RF \ Phase trombone Sl c.urrent Ll i
Store time 200 (100) ms
Trans. damping time 24 (13) ms
579 m
Extracted emittance  x 5.5 pm
(normalised) y 20 nm
No. cavities 10 (12)
— - Total voltage 14 (22) MV
\chicane\injectiokextraction RF power / coupler 176 (272) kW
No.wiggler magnets 54
Positron ring (upgrade) Total length wiggler 113 m
Wiggler field 1.5(2.2) T
Electron ring (baseline)
Beam power 1.76 (2.38) MW

Positron ring (baseline) & Values in () are for 10-Hz mode

Many similarities to
modern 3'-generation

Arc quadrupole section Dipole section | |ght Sources
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e Critical R&D: Electron Cloud

3840511-040

/ * Extensive R&D programme at CESR,

CLEO Outer

7 Sy Cornell (CesrTA)

* Instrumentation of wiggler, dipole
and gquad vacuum chambers for e-
cloud measurements

— RFA

 |Jow emittance lattice

[
Synch Light
Mirror
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'-,"l: Critical R&D: Electron Cloud

Wiggler Center Pole Comparison: 1x45 e+, 2.1 GeV, 14ns
181

* Extensive R&D programme at CESR,
Cornell (CesrTA)

|| =—ig W 5/2/10 (Cu)
= Wig2B 1/31/09 (TiN)

14} = Wig2B 12/5/09 (Grooved) TIN

= \\ig2B 5/2/10 (Electrode)

reduced SYE

* Instrumentation of wiggler, dipole
and gquad vacuum chambers for e-
cloud measurements

— RFA

grooved

electrode

Average collector current density (nAImmz)

 |Jow emittance lattice

 Example: wiggler vacuum chamber

 Benchmarking of simulation codes

— cloud build-up
— beam dynamics (head-tail instabilities)
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e

HA Positron Source (central region)

to Damping Ring

not to scale!

Photon
collimator

___________ (pol. upgrade)

| aux. source (500 MeV) |

A==

e

150-250 GeV

SC helical undulator

e |ocated at exit of electron Main Linac

Target

i Flux concentrator

Capture RF
(125 MeV)

Pre-accelerator
(125-400 MeV)

SCRF booster
(0.4-5 GeV)

e 147m SC helical undulator

e driven by primary electron beam (150-

250 GeV)

e produces ~30 MeV photons

e converted in thin target into e+e- pairs

|

>p 150-250 GeV
e- beam to BDS

6 polarisation  yield e+/e-

oo

(5,1

oS

~+Yield -=Pol.

Captured Positron Yield
[\ ] w

1

1

1

O 1

0 50 100 150 200 250
Drive Electron Beam Energy (GeV)
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Transverse offset (m)

ilp Beam Delivery System and MDI

Geometry ready for TeV upgrade

Fast abort line

| Chicane to detect
laser-wire photons

! Polarimeter
™ Target bypass chicane
i (dogleg) Betatron
Sacrificial ! i, | collimation Energy
collimators &! s TN collimation
chicane to : it LIALL H'HN I lH”‘”””"”“lM””HIIH* |”| Final focus
[ detect off- ! | Skew correction
| : _ L IP
energy : | & emittance II“'“MIII'
beams ! | measurement | ""””M”l*”“’—l

i \ Tune-up

! : line & dump
. e+ source —>e- BDS

0 500 1000 1500 2000 2500 3000
Distance along tunnel (m)

electron Beam Delivery System
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ilp : :
H IR region (Final Doublet)

* FD arrangement for push pull
— different L*
— ILD4.5m, SiD 3.5m

e Short FD for low E_,
— Reduced 3, *

* increased collimation depth
— “universal” FD
* avoid the need to exchange FD

* conceptual - requires study

* Many integration issues remain
— requires engineering studies beyond TDR

FD Cryostats

LumiCal
IP Chamber

— No apparent show stoppers Vertex Detector

14mr\! " | BNL prototype of self
Ew B shielded quad

R J-~c=8
-Actively Shielded |
;-Unshielded i
- Passively Shielded}
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-'l'l: MDI (Detector Hall)

Japanese detector
hall concept
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,-',IE Final Focus R&D: ATF2 @ KEK

Focal Point A | Damping
Gy Final Focus (FF) System Extraction beamline ( Ring
o,~37/nm 7 \- &,~10pm
Laser Interference Fringe Monitor Straightness Monitor Intra-train feedback (FONT
IP-B\PM IP-FONT / Wire Scanners /
LN C-band BPM \ multi-OTRs C-band BPM

S}

_Pulsed Laser Wire e

T

Cavity Col

-~

I_* e e

120 m

Formal international collaboration
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VB, VB, (Vm)

e
11"

Test bed for ILC final focus optics

- strong focusing and tuning (37 nm)

- beam-based alignment

- stabilisation and vibration (fast feedback)
- instrumentation

MMMWME%WWWWWWW%%%W

—— clectron beam

\ /
\ ¥
\L_/,’J\"*»f e \/\ s DN & NP X\/»(M,W

ATFZ FF (38m)
—— clectron beam

U RN N "
P w‘“k ,Mﬂg@ mﬁmﬂl i ,Luflm,w dig iyl o b o4

N. Walker (DESY) —

Final Focus R&D: ATF2 @ KEK

-
o
o
o

Simulation with 100 models
Beam size region < 10

dy / Feb.-June 2012 Data

- Ay /Dec. 2012 Data
Ay

IPBSM mode
2 to 8 deg

Vertical Beam Size in nanometre
A
x>
<
\"

A\ 4

N
o

o

IP beam size
P s monitor

Scattered Photon
Gamma Detector

Bending Magnetm
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Beyond the
Baseline
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ilp OS]
(i Luminosity Upgrade

* Concept: increase n, from 1312 - 2625
— Reduce linac bunch spacing 554 ns - 336 ns
* Doubles beam power 2 x2 L =3.6x103*cm2s?

* AC power: 161 MW - 204 MW (est.)

— shorter fill time and longer beam pulse results in higher
RF-beam efficiency (44% = 61%)

N. Walker (DESY) — ILC Worldwide Event — CERN — 12 June 2013 29



ilp oS
1 Luminosity Upgrade

Luminosity upgrade

Addmg klystrons 26 cavity RF unit
(and modulators)

[TTTTTTTT T T TTT T TP TTTTT i TPl IIT IIif TIiP TP TTlTT1T]

R 1 Y N .

Damping Ring:

Positron ring (upgrade) '

Electron ring (baseline) §

4~ CLRTML BEAM
7

Positron ring (baseline) K

2750

2 [\ CL MAIN LINAC BEAM * \,

A& T/FLOOR

¥ PEL - 550
J\T /FLOOR

KrEL -1100

Arc quadrupole section Dipole section Main Linac Tunnel Damping Ring Tunnel
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e
1 Energy (TeV) upgrade

500GeV operations l

start civil construction \
/
) / - —_—
BC // Main Linac o BDS

civil construction + installation
500GeV operations

o . QY C
/]
BC // Main Linac BDS

K\ Installation/upgrade shutdown
[ \ /

\ilﬁ/ - . /] ]/ // ﬁ?

BC /" | Main Linac s BDS

(%)
final installation/connection P / IP
removal/relocation of BC
Removal of turnaround etc.

magnets etc. o
K\ / } (\ Commissioning / operatjon at 1TeV C-

— —

BC : Main Linac

Installation of addition

BDS

e+ src



1V

—
K

250 GeV staged LHF

Half the linacs
Full-length BDS tunnel & vacuum (TeV)

15.4 km
S S
— i :_
/| : x A
S / / Main Linac o BDS
c @
S & IP
<
§ 125 GeV transport central region
o

% BDS magnets (instrumentation, CF etc)
5km 125 GeV transport line

quasi-adiabatic
energy upgrade?
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:,IE TDR Value Estimate

22.6 Million person-hours

N. Walker (DESY) — ILC Worldwide Event — CERN — 12 June 2013 34



By accelerator 2|°R/ Electron@ourcel
ol 3%0 -
SyStem Positron®ourcel 7'8 Bllllon ILCU

[ 22.6 Million person-hours

Damping@Ringsk
~ 6%n

DumpsndIINacuum Nonf-band®RF&

A

AreaBystem
specific
1%0

Controls@ndBhstrumentation
Computingfl 1%8
Infrastructrurel

6% .\

Magnetsznd@
PowerBupplies
6%0

Installationi
1%08

CFS-Civilonstruction 10%
CFS-other 6%
L-band®avities@ndifryomodules 32%
L-band@HLRF 9%
Cryogenics 7%
Controls 2% y technical
TOTALMainiinac 66%
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',"': Unsung Heroes

* Not high-tech

* But equally
important and
challenging

* And 30% of the total
project cost!
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,-,’E Looking towards the East

- Japanese Mountainous Sites -

site-A KITAKAMI
LT

KYUSHU district
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,',',': Thank you for your attention ©
gﬁ"\ - —-rw‘ ;c - | Rey Hori (KEK)

.

JA-2014-010-A
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Backup / spares
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civil construction

HERERE |

CF instal.

"',‘: Example Construction Schedule

.............

AH-4  |AH-3 AH-2 AH-1 AM+1 AH+2 AH+
RTML 4\ I\
S~ (1.35km)
access tunnel ex. N e- Main Linac Central Region e+ Main Linac
(r:]a\lllem ex. year (11.9km) (5.6 km) (11.9km)
all ex.

beam tunnel ex. !
concrete lining | /\

—

invert & drain & / \ /

seon s LN AN ANV AN\ N

BDS serv. tunnel ex. 4 // \\\// \\\/ NG \\ / \\// \\\// \\/
— survey & support 5 :\ | /61/; \\/{\ %\2/ \\60‘3 /}\ 61 . /:
: z:sicr:gczlventilation 6 :t\\% 2>\\// j/
e —
o alaton 2 _— —— —

machine installation ; \ / \ /

10
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TeV Parameters (2 sets)

Beam energy

Collision rate
Number of bunches
Bunch population

Bunch separation
Pulse current

RMS bunch length

Electron RMS energy spread
Positron RMS energy spread
Electron polarisation
Positron polarisation

Horizontal emittance
Vertical emittance

IP horizontal beta function
IP vertical beta function

IP RMS horizontal beam size
IP RMS veritcal beam size

Luminosity

Fraction of luminosity in top 1%

Average energy loss

Number of pairs per bunch crossing
Total pair energy per bunch crossing

GeV

Hz

xlolO

ns
mA

mm

%

%

nm

mm
mm

nm
nm

x10% cm?s?

x10°
TeV

500

@ P,c constrained <300 MW
2450

1.74

366
7.6

shorter bunch length
(within BC range)

0.25 0.225
0.08 0.09
0.04 0.05
80
30

10
30

226 1.0><—— horizontal focusing main
0.25

difference

481 335
2.8

3.6 4.9

0.6 0.4
006 011 ><—— low and high beamstrahlung
200 383

1338 3441
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