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Introduction A

Accelerator R&D: IMERFEIFH )

+ Accelerator Baseline Design : MRS E ARG
. Detectors : AIE2S

. Energy Staging : TRILX—-7vT5L—K

+ Schedule : R ¥ a—)L

« Summary
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ip ILC Technical Design Phase

ILC HfTelatERms 1
1980’ ~ Basic Study Bufiras &t Bebe - B

2005 2006 2012 2013 2014

2004
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a0t 4 : . o :
Selection of SC Technology e y- 201 36,1 _

2012.12.15
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:lr  Important Energies in ILC
"o LCIzBFBEEAFHEIRILE—

/

s Discovery of a 125 GeV Higgs has reinforced the importance of the ILC

Integrated Luminosity (ab") ' K. Kawagoe
‘ (modified)

Physics confident (FE27/¥3E ) :
- Higgs and Top Quark

New Physics beyond SM:
(BEETFIN 2B REOYE)

X/

% Learn “everything” about H (125)
% Probe dynamics of EWSB

+ Direct or indirect DM searches
« Evidence for BSM physics

X/

+ Hints of a new mass scale

200 300 400 500 600

2014.06.30 ILC-TDR-Overview 4



.ln Requirements from Physics

® Basic requirements (EAXER) :
® Luminosity : ILdt =500 fb" in 4 years
® E_: 200 — 500 GeV, and the ability to scan
® E stability and precision: <0.1%
® Electron polarization: > 80%
® Extend-ability (TR LX—HEiEMH)
® Energy upgrade: 500 -> 1,000 GeV

5GeV e-, e+ Damping Ring (3.2km)

IP e- production

2014.06.30 5



I ILC TDR Layout
i

Polarised electron
source

Damping Rings

Ring to Main Linac (RTML) e+ Main Linac
(including

bunch compressors)
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Parameters —¥

C.M. Energy 500 GeV/

1.8 x1034 cm2s-"1

Peak luminosity

Beam Rep. rate -

2014.06.30

Pulse duration

Average current

E gradient in
SCREF acc. cavity

ILC TDR Overview

0.73 ms
5.8 mA (in pu|Se)

31.5 MV/m +/-20%



:lm Preface: ILC TDR Configuration

o

ILC Technical Design Report (Published, June, 2013)

https://www.linearcollider.org/ILC/Publications/Technical-Design-Report

— Vol. 1.
— Vol. 2.

— Vol. 3, P1. Accelerator: R&D in the TD Phase
— Vol. 3, P2. Accelerator: Baseline Design

— Vol. 4.
- ()

Executive Summary
Physics

Detectors

From Design to Reality

TDR Supporting Documents

https://www.linearcollider.org/ILC/Publications/Technical-Design-Report

— Project Implementation Planning
— Cost Conversion Report

— Guide to the Cost Estimate

— List of signatures

TDR DR

—

—

—

_

Volume 1 - Executive
Summary

Download the pdf
(9.5 MB)

=

7z

Volume 3 - Accelerator

‘ R&D in the
| mmeesieacais | Technical Design

Phase

Download the pdf
(91 MB)

Volume 4 - Detectors

(66 MB)
| mearemnous.

e

Supporting documentation

¢ Project Implementation Planning
» Cost conversion report

e Guide to the cost estimate

o List of signatories

Volume 2 - Physics

_ Download the pdf (9.5 MB)

THE INTERATIONAL LINEAR COLLIOER

Volume 3 - Accelerator

Part II:
Baseline Design

Download the pdf (72 MB)
\k
\ N\

From Design to Reality

r

Download the
pdf (5.5 MB)
Visit the web site

ILC TDR Value Estimate and Schedule (confidential documents)
— V. 6.0, April 13, 2013.
Further details in ILC EDMS (confidential documents),

2014.06.30
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:Ia ILC-TDR Vol. 3-1 Accelerator R&D
"o Vol. 3-1, ILC M:ERFHfiTRAR

1. Introduction

2. Superconducting RF (SCRF) technology
1. Cavity field gradient

Cavity system test: S1 Global } focused

N

THE INTERNATIONAL LINEAR COLLIDER

TECHNICAL DESION REPOXT | VOLUME 31: ACCELERATOR R&D

3. Industrialization E-XFEL
4, ...
5

3. Beam Test Facilities

. SCRF, Beam Acceleration: FLASH, STF, f d
. Nano-beam handling : ATF ocuse

1
2
3. E-cloud mitigation: CESR-TA
4
5

4. Accelerator Systems R&D
5. Conventional Facilities and Siting Studies

6. Post-TDR R&D (to be briefly reported)
1. SCRF, ATF, ...

2014.06.30 8



Global Cooperation for Test Facilities
E iR NS L S hNE S B BRMERR

TTF/FLASH (DESY) ~1 GeV e e . :
ILC-like beam ILC RF unit STF (KEK) operation/construction

ILC-like Cryomodule test: S1-Gloabal
SRF beam acceleration : QB, STF2

/ —=

//M" o -
. / - ~
o

“. N '

CesrTA (Cornell)
electron cloud
low emittance

- Cornell

- ATF & ATF2 (KEK) NIML/ASTA facility
DA®NE (INFN Frascati) ultra-low emittance ILC RF unit test
kicker development Final Focus optics, nano-beam || Full-CM Test,
electron cloud KEKB electron-cloud SRF beam acceleration, soon

2014.06.30 ILC TDR Overview 9



:l0 Technical Highlight in TD Phase
"o Bl et RETORMEFRE - N\ (S5M4k

 SCRF Technology ({z&E - E—LINEE i)

— Cavity: High Gradient R&D:

« 35 MV/m with 50% yield by 2010 , and 90% by 2012 (TDR)
« Manufacturing with cost effective design

— Cryomodule performance including HLRF, and LLRF

— Beam Acceleration
* 9 mA: FLASH
e 1 ms: STF2 - Quantum Beam

2014.06.30 ILC TDR Overview 10



:]» Advantage of Superconducting RF

o

HInERF OFE-FIR

< Ultra-high (Q, =1019):
- small surface resistance - almost
zero power (heat) in cavity walls
- use relatively low-power microwave

source to ‘charge up’ cavity
(BLWERARENDE)

% Long beam pulses (~1 ms)
-> intra-pulse feedback
(WNIAFRTOT 14— R)NY &I, 77)

% Larger aperture / smaller beam loss
- better beam quality with larger aperture -

lower wake-fields
(XKAZ>APE—LALOR)

% Work necessary on engineering for:
- Cryomodule (thermal insultation)
- Cryogenics
( BHE)
- Gradient to be further improved

Luminosity:
RF efficiency RF power / beam current
}7P 4 (S Vertical
RF BS emittance
L X k/ (tiny beams)
Eoy '\ €

2014.06.30

« Luminosity proportional to RF efficiency ILC
S (I /2T 4 ERFEIZRIZHHI):

«» for given total power (electricity bill !),
% ~160MW @ 500GeV

s Capable of efficiently accelerating
high beam currents (KZER )

» Low impedance aids preservation of
high beam quality (low emittance) ( REEE—LA )

- |deal for Linear Collider

ILC TDR Overview 11




1m Global Plan for SCRF R&D

o

Year

Phase

BIEEZRBEMRAEIN LS

2008 2009 2010 2011 2012

TDP-2

Cavity Gradient ( £# )
test to reach 35 MV/m

- Yield 50% - Yield 90%

Cavity-string to reach
31.5 MV/m, with one-

cryomodule (A7 L4)

Global effort for string

assembly and test
(DESY, FNAL, INFN, KEK)

System Test with beam
acceleration (EF—4)

FLASH (DESY) , NML/ASTA (FNAL)
QB, STF2 (KEK)

Preparation for
Industrialization (Tt

Production Technology R&D

Communication with
industry (¥ & i

15t Visit Vendors (2009), Organize Workshop (2010)
2nd visit and communication, Organize 2" workshop (2011)
3rd communication and study contracted with selected vendors (2011-2012)

2014.06.30

ILC TDR Overview 12




"IP Progress in 1.3 GHz Cavity Production

e 1.3 GHz BB IR ARESROLE
i Capable Lab. Capable Industry
qualified
2006 10 1 2
DESY ACCEL, ZANON
2011 41 4 4
DESY, JLAB, FNAL, | RI, ZANON, AES, MHI,
KEK
2012 (45) 5 5
DESY, JLAB, FNAL, | RI, ZANON, AES. MHI,
KEK, Cornell Hitachi

- One Lab (2 vendor) in 2006, and 5 Lab (5 vendor) in 2012
may handle to fabricate 35 MV/m at Q= 8E9
-6FE T, BMEARETHMIEA. (RESH ) H71,(2) > 5 HEIC, .

2014.06.30 ILC TDR Overview 13



:la» Progress in SCRF Cavity Gradient
ZiREIE - REDR L

o

2nd pass yield - established vendors, standard process

¢ >28 MV/m yield W >35 MV/m yield

100 + *+
80 + |
* T
§ w -
T n
2 u
> 40 .-
20 +
LCWS 2012
) l
\ o)
N S & N
$ § § &
g N v W
§ §
v v

test date (#cavities)

EMEREIE/-20 %>R (FH

2014.06.30

BHEY ) ~10% mtE

ILC TDR Overview

OEESIE "

Production yield:
94 % at > 35+/-20%
(BE®D> 90 % ZERK),

Average gradient:
37.1 MV/m

reached (2012)

14




i} I Cryomodule System Test
I BEBMELE.CMBS £ UL — LMERTERE

DESY: FLASH
XFEL Prototype at PXFEL1 — Vertical test

= Cryomodule

_.32.5MV/m

- II I |
= PXFEL1 : ~ 32MV/m>

1C
0
1 2

% 1.25 GeV linac (TESLA-Like tech.)
ILC-like bunch trains: ‘.
600 ms, 9 mA beam (2009); ¢ ILC E—AEFHRNDEF |
800 ms 4.5 mA (2012) S

% RF-cryomodule string with beam -
PXFEL1 operational at FLASH

) 7
*

/7
*
R/
*

Maximum gradient [MV/m]

KEK: SRF Test Facility (STF/STF2) Y - . — verioat s

. ~ S1 Global Cryomodule at STF: = cryomodule st
2 S1-Global: completed (2010) " i T I | | || ] I | e
% Quantum Beam Accelerator (Inverse Lasei"f—- % 2 I | orodiem

Compton): 6.7 mA,1ms <« ILCE— A/\)LZE@%E = Cavity string: < 26MV/m>
% CM1 test with beam (2014 ~2015)
s STF-COI: Facility to demonstrate

CM assembly/test in near future

AESH#4

CC#11
ZANF 108
ZANF 10

MHI

MH ¥

MH ¥

MH i

1r P ] 407

FNAL: NML (NeW Muon Lab) [ ASTA et CM1 at N|\/||_ Facility:

(Advanced Superconducting Test
Accelerator)

®Last Vertical Test @ DESY
= Chechia
®Farmilab CM-1

Gr=dtamt 14y /m)
&
F
]

i CM1: ~25MV/m>

15 +

s CM1 test complete
s CM2 operation (2013)
% CM2 with beam (soon)

2014.06.30

o
t

w
t

1/289 2fAC75 3/AC73 4/Z106 5/Z107 6/298 7/Z91 8/S33 1 5
Cavity #



e

DESY-FLASH Beam Test

DESY-Flash T E — A MR EFEEH B

11l
New RF 3rd harmonic
gun accelerating module

Exchanged 1st
accelerating module

sFLASH +
redesigned electron beamline

7t accel

ating
modu

Transverse deflecting
cavity LOLA +
spectrometer arm

40.0 | ACCG6

31.5 IVIV/m

10.00

LN X XXX

AN

» Runs 24/7 as VUV SASE user facility

» Primary SRF systems tests for ILC TDR
(dedicated 9mA experiment runs)

2014.06.30

ILC-like beam (3, 6 and 9mA, S UG == Siea
Energy stability (<10-3)

Control of heavy beam loading

Control of cavity Lorentz force detuning

Active tuning for large gradlent spread
operatlon

v Auto \
C.M. Ener v 500 GeV
Controls ¢ 2V
Klystron ¢ Peak luminosity 1.8 x1034 cm2s-"
General € ggop, Rep. rate " 5Hz
v Fast
v" Deg| Pulse duration 0.73 ms
(prot Average current 5.8 mA (in pulse)
E gradient in 31.5 MV/m +/-20%
SCREF acc. cavity Q, = 1E10

ILC TDR Overview 16



1B 100 s.c. Modules for the European XFEL IPAC14: Courtesy: H. Weise

European

XFEL

An Accelerator Complex for 17.5 GeV

100 accelerator modules

800 accelerating cavities
1.3 GHz / 23.6 MV/m

25 RF stations
3.2 MW each

‘15;00__ . — T —— _‘11 L
E-XFEL: Bk - X¥FBHRHEFL —H—- XBZEHER- E5T - 2016FF@BFTE W
8008 MBEEIEZRZRI, Zanon #t TIE4EE, CEA-Saclay, DESY THAIL T HER

IPAC Conference — 18 June 2014 20 @ wenmourz
Hans Weise, DESY L



1B 100 s.c. Modules for the European XFEL IPAC14: Courtesy: H. Weise

European

XFEL

An Accelerator Complex for 17.5 GeV

100 accelerator modules

Some specifications

= Photon energy 0.3 - 24 keV . o
= Pulse duration ~ 10 - 100 fs 800 accelerating cavities

- Puise energy few mJ 1.3 GHz / 23.6 MV/m

» Superconducting linac. 17.5 GeV
= 10 Hz (27 000 b/s)

25 RF stations
5.2 MW each

SC Linac (~ 1 km)

......

3000 o’_— e it "_:="'f"“' BRaatias
1500 i to

EXFEL: 1/20 Scale Project on going, Industrlallzatlon being verlfled I
EXFEL: 1/20 A7 — )L SR5TE, EITH> TR H iz RELF

IPAC Conference — 18 June 2014 29 @ wernmour:
Hans Weise, DESY o et



IPAC14: Courtesy: H. Weise

:lr  SCRF Cavity Production
] | B4 BN E TR - U3 (RI, ZAON)& SR ERE4E (DESY)

) T\ e g = pe—————
- Lé“ ~ 3 - T 4 .\ . ’l ‘E A ‘ Eur =
-2 R — — B . XFEL | Cavity Delivery Status as of 6/2014

CVs Nr. =010t delivered 1o DESY  ~@-total RF tested at DESY ~o-total delivery to IRFU
0

8 cavities |
per week

g

' problems with
2-phase line
L

I S P ] L g\ R S T R A 2

FPPF7if7i7f7iiF7 FEFFFFiFss

m Gradients in average above specification Kalmost 300 cavities tested)

» Average usable gradient after delivery (26.8 = 7.1) MV/m
m 2/3 of cavities can be used w/o further treatment

m 1/3 is getting additional treatm. -> usable grad. increased to (29.6 = 5.1) MV/m

2014.6IR7E : Z=REE-KER > 300 &, {FRARREER. <30 > MV/m

2014.06.30 ILC TDR Overview 19



1m S1-Global hosted at KEK:
"blﬁﬁ%j:lt._ck%;tﬁfﬁ% "")I'J*EE%A'IE -“SFﬁlﬁﬁﬁ

NFN July, 2010

March, 2010 DESY, May, 2010 June, 2010 ~

2014.06.30 ILC TDR Overview 20



E. Kako, Dec. 2013

il 10 year Evolution of STF at KEK
HU KEk-STF: 10555 - BE8RF SRMEEDOER

2K Refrigerator
“ g Cold Box

ZKgaféi er;ator 32 MV/m Beam Energy

L x 12 cavities 420 MeV
groxg L] .i -’. L] .60 L .6. .E[ ! ! ! ! ﬂ
o oma \7 Capure 20MV/m STF2-CM1 STF2-CMRA
’ module X 2 cavities Cryomodule Cryomodule
ims, 5 Hz -~
- STF2 : CM1 Cryomodule + CM2a Cryomodule (2014)
2EfE—A f:: STF CM.1 STF CM-2a o
JO2IUbN L - . o
E DA | 8 x 9-cell cavities 4 x 9-cell cavities
ﬁo @0 * ° @0 ® 0@ ® @ @ ek
&_&v l.l-)S . l.'.l'i u i_ﬂl 75
SC Cavity Type A SC Cavity Type B _SC Cavity Type A
rst N\ [ 2006
SC Quadrupole Magnet Level Sensor
up to ~ 420MeV

2014.06.30 ILC TDR Overview 21



[,q ILC beam Acceleration at KEK STF

KEK-STF TODE— Abuﬁ%‘;ﬁi%ﬁ

Quantum-Beam Accelerator
Starting as starting of KEK-STF-2

Beam acceleration (40 MV) and
transport for 6.7 mA, 1 ms,
succeeded in 2012

photocathode RFgun

Capture cryomodule ( 2 SC cavities )

T

C.M. Energy 500 GeV

-
Peak luminosity 1.8 x10%4 cm2s!
rewnchiazs = =  Beam Rep. rate 5 Hz
IR T
_ —%:, Jg- ‘¥ Pulse duration
.| T, = = Average current 5.8 mA (in pulse)
T
et o) e e E gradient in 31.5 MV/m +/-20%
SCRF acc. cavity Q, =1E10

7014.06.30 [LC TDR Overview 22




:}m 10 year Evolution of STF at KEK

_ : F 5 A :
o KEK-STFTCOD10EZ A T1-ER e
ﬁzow(?@)

e Ref&ggrgtoo{ 2K§§f§‘ erxator 32 MV/m Beam Energy
. x 12 cavities 420 MeV

Box -+ 0.« 0 ool
e Bh Capure 20 MV/m STF2-CM STF2-CMRA
i o] module X 2 cavities Cryomodule Cryomodule

STF2 : CM1 Cryomodule + CM2a Cryomodule (2014")

Head
Unit STF CM-1 STFCM-2a Umt

| | 8 x 9-cell cavities 4 x 9-cell cavities

) o@ * @ @ el

-

—
Y

E. [MVim]

ap t0 ~ 420M¢ | Gradient achieved at KEK-STF: > ~ 35 MV/m
Progress: > 90 %, at individual vertical test

2014.06.30 ILC TDR Overview |



Cooperation of ILC host- and hub-laboratories
with worldwide industry (proposed)

./\77#\0);_1?%
SR DmH - EEX
' =T )LEFREE
:\ - fof Lab- Colisortl""“*\ - DEICKDEE

I
11"

-~

PR ‘amasa - FRIC KRB ER

—— e e T LT, T e

Regional
Hub-Lab:

World-wide
Industry responsible to
‘Build-to-Print’
manufacturing

Regional

Regional Hub-Lab:

Hub-Lab:
B

mnal Hub-Lab:
C: '

: responsible to
Hosting System
Test and Gradient
Performance

Regional hub-laboratories
responsible to regional

procurements to be open for any
world-wide industry participation

______________ : Technical
coordination link

=P - Procurement link

2014.06.30 ILC TDR Overview 24
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Technical Goals in TD Phase
B SR et R T OBAMTBASE -1\ 1S

» SCRF Technology ( #{z#- E—AMEEA )
— Cavity: High Gradient R&D:

— Cryomodule performance including HLRF, and LLRF

« 35 MV/m with 50% yield by 2010 , and 90% by 2012 (TDR)
« Manufacturing with cost effective design

— Beam Acceleration

 9mA: FLASH
e 1 ms: STF2 - Quantum Beam

« Nano-beam handling (F/E—.L#fif)

— |LC-like beam acceleration

2014.06.30

* Ultra-low beam emittance: Cesr-TA, ATF
« Ultra-small beam size at Final Focusing: ATF2

ILC TDR Overview

25
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Ultra-small beam

« Low emittance
— 4 pm

« Small vertical beam size :
KEK ATF2

—Goal = 37 nm,
* 160 nm (spring, 2012)

* 65 nm (April, 2013) at
low beam current

ATF2 Progress by 2013
2013F X THER

'o"‘.‘ﬁ'—

PR

ATF2 beamline

Nano-meter beam studies;
Advanced beam instruments R&D

Photo-cathode RF gun
Multi-bunch electron source

Damping Ring

Low emittance beam studies

S-band Linac
Multi-bunch beam acceleration, 1.3 GeV

g

np N2

X H
dmogey)

L = frep

Vertical Beam Size in nanom stre
8

8

o

5 10
Tuning Knob Iteration Step

10

b December 2010 Data
o ifoned
n® / / 3
&y . / g 1
\ ) :
m\ __—— Feb.-June 2012 Data &
9 Dec.2012Data | £
S / 2 0. E—
a. Q =
n 2 oly> oy Toend
PESM mode
218 30 174
~ =9 = 0.01

0.1

Normalized beam emittance
in Linear Colliders

4

O
ATF @

i 4
1 10

Horizo: E nee [prad-m)

F /E—ALICKDILZI /T 18L  KEK-ATEFA BB DO R OREE
ILC TDR Overview

2014.06.30
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.h, KEK-ATF2: BDS Test Facility for ILC
," L ILC SHUNRET AL - +/ E— L TR AT

Modeling of ILC BDS

— Same Optics: ILCERIL A
— Int’l Collab. (E[#1%7)

~25 Lab., > 100 Collaborators

Goal:
FF Beam Size: 37 nm

— (ILC T5.9 nm [Z4E%)

Final Focus Diagnostics

2014.06.30 | . = ;.’ ILC TDR Overview 27




] KEK-ATF2: BDS Test Facility for ILC

ILC &#RINKET UL -F/E—LEMTHREE
17 | -
* Modeling of ILC BDS Gt |
— Same Optics: ILCERIL A '

— Intl Collab. (E&#5) 4
« ~25 Lab., > 100 Collaborators

e Goal:
FF Beam Size: 37 nm

— (ILC T5.9nm IZHHZ

Parameter ILC ATF2

. Beam Energy [GeV] 250 1.3

-Final Focus D| [Energy Spreaa (ev/e) [%] 0.07/0.12 | 0.06~0.08
2091 < > € . . .
e — Final quad — IP distance (L*) (SiD/ILD 3.5/4.5 1.0
00 ‘ ‘ ‘ : detector) [m]

= | Vertical beta function at IP (5*) [mm] 0.48 0.1

=« | Vertical emiftance [pm] 0.07 12

| | Vertical beam size at IP (s*.) [nm] 5.9 37
L*/*, (~natural vertical|l 7300/9400 10000

s.f. . chromaticity, SiD/ILD detector)
2014.06.30 | . =/

28



IPAC2014, K. Kubo
,',I": Progress in measured min. beam size at ATF2

2014FEDER (HEEZEMET. HE—=F)

400 .
[ . ] [ATF2 Beamiine] [Beam Extraction Line|
30 [ Dec2010 g Nl § =
[ L2 WA = /_/
E_w| © P (é/
.g E - = G ~ a 3. =\ === Dampmg Rin
ERCI =1 S ~ S =
E qN) N : = ] S —— / I
’=] Ez 200 ] E 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 E Iectron Linac
> : < Feb-Jun 2012 :
SEwof T L — ]
ZIR> [ $
S < 100 g '''''''''''''''''''''''''''''''''' Mar2013 ... . o X Week from April 14, 2014
2 i o Dec 20120 ® Apl‘ 2014 ] . 1
so0f ST ﬂ/lay,,Zjl}M 800 Fo g ® 28 deg. mode
! t ] . g. mode
: © Jun 2014 00 . © 174 deg. mode
0 L LE, 4
™ 400

Beam Size 44 nm observed, SR SN
(Goal : 37 nm) 0 10 N 3‘0 0 50 .lh - 70

Time (hours) from Operation Start after 3 days shutdown

2014.06.30 ILC TDR Overview 29



CesrTA - Wiggler Observations

Run #2568 (1x20x2.8mA e+, 4 GeY, 14ns). 01W_G2 Center pole Col Curs

RFA1 - Boundary between poles
RFAZ2 - Center of pole

RFA3 - "Edge" of pole

collector current density (nA / mmé)

P 100
200
300

89 10741 5 am

—_
(un]
T

m—— i 1Y 5/2/10 (Cu)

Wi 2WE 1/25/09 (TiN)
m—— g 2WE 12/5/09 (Grooved)
e ig2B 5/2/10 (Electrode)

clearing electrode s

—_
(s3]
T

—_
E=N
T

—_
N
T

—_
o
T

o
T

(s3]
T

. 0.002”

Electrode = best performance radius
N L | e

E=N
T

Average collector current density (nA/mie)

[
T

0 ,
0 20 30 40 50 60 70 a0 90
28140%30 Beam current fmAl ”_C TDR OverV|eW
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Baseline Mitigation Plan

EC Working Group Baseline Mitigation Recommendation

Drift*

Dipole

Wiggler

Quadrupole*

Baseline i i Grooves with Clearing i i
Mitigation | UL e TiN coating Electrodes UL el
Baseline Solenoid
Mitigation Il Windings Antechamber Antechamber
. : Clearing
Alternate | e coating | TiN Coating | Croeves With TiN 1 g rodes or
Mitigation Coating
Grooves

*Drift and Quadrupole chambers in arc and wiggler regions will incorporate antechambers

 Preliminary CESRTA results and simulations suggest the presence of sub-

threshold emittance growth

- Further investigation required
- May require reduction in acceptable cloud density = reduction in safety margin

« An aggressive mitigation plan is required to obtain optimum performance from
the 3.2km positron damping ring and to pursue the high current option

2014.06.30

ILC TDR Overview

31




e :
HH Outline

 [Introduction

 Accelerator R&D

[- Accelerator Baseline Design, }

 Detectors
 Energy Staging
« Schedule

« Summary

2014.06.30 ILC TDR Overview
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.'IF ILC TDR: Vol. 3-ll Acc. Baseline Design

o Vol. 3-1I. IR/ EARELET

THE INTERNATIONAL LINEAR COLLIDER

TECHNICAL DISIGN REPORT | VOLUME 3.11: ACCELERATOR BASTLINE DESIGN

2014.06.30

9.

S R A

Introduction

General Parameters, Layout, System Overview
Main Linac and SCRF Technology

Electron Source

Positron Source

Damping Rings (DR) -

Ring to Main Linac (RTML)

Beam Delivery Sys. (BDS) & Machine _Detect. Int. (MDI)

Global Accelerator Control Systems

10. Availability, Commisssioning, and Operations
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. ILC TDR Layout
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A E+ source C.M. Energy 500 GeV
| Peak luminosity 1.8 x103* cm2s""
s Beam Rep. rate 5 Hz
Pulse duration 0.73 ms
Average current 5.8 mA (in pulse)
KCseh E gradient in 31.5 MV/m +/-20%

SCRF acc. cavity Q, =1E10
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e
H ILC Pub

Centre-of-mass dependent:

Centre-of-mass enero

Electron RMS energy spread

Positron RMS energy spread

IP horizontal beta function

IP vertical beta function

IP RMS horizontal beam size

IP RMS veritcal beam size
ertical disruption parameter

Enhancement factor

Geometric luminosity

Luminosity
% luminosity in top 1% AE/E
Average energy loss
Pairs / BX
otal pair energy / BX

lished Parameters

Focus of design (and cost!) effort

GeV 200 230 250 350 5500
% 0.21 0.19 0.19 .
% 0.19 016 0.15 0.10
mm 16 16 12 15
mm 0.48 048 048 048
nm 904 843 700 662
nm 9.3 8.6 8.3 7.0
20.4 204 235 211
1.83 1.83 1.91 1.84
x103%4 cm—=2s 0.25 029 036 045

x10% cm2s' 0.50 0.59 0.75 0.93

92% 90% 84% 79%

1% 1% 1% 2%

x103 41 50 70 89
TeV 24 34 51

http://ilc-edmsdirect.desy.de/ilc-edmsdirect/item.jsp?edmsid=D00000000925325

2014.06.30
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- To be reported by H. Hayano, S. Michizono

:(lr \Lc Accelerator: Sub-Systems

pre-accelerator
few GeV

/

damping

ring few GeV
few GeV

bunch main linac .
compressor collimation

- Electron and Positron Sources (e-, e+) : EF - FETIR

- Damping Ring (DR): & > ¥

- Ring to ML beam transport (RTML ) : E—A KT > AR—K
- |Main Linac (ML ) : R NE:S ( B=E NES )

- Beam Delivery System (BDS) : E—AEE:- BRINEKI AT L)
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:I SCRF Linac Technology
JLE HRE - AR H0IE SR B

i LH k HOM I
\\\\’) Beam pipe ; e tan coupler

Input coupler

1.3 GHz Nb 9-cellCavities 16,024
Cryomodules 1,855
SC quadrupole pkg 673
10 MW MB Klystrons &

436
modulators

* site dependent

Approximately 20 years of R&D worldwide
- Mature technology
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""I": SCRF Main Linac Parameters (500 GeV)

Characteristics m Demonstrated

Average accelerating gradient 31.5(x20%) MV/m  DESY,
FNAL, JLab, Cornell,

Cavity Q, 1010 KEK,
(Cavity qualification gradient 35 (£20%) MV/m)

DESY-FLASH,
Beam current 5.8 mA KR STE

Number of bunches per pulse 1312

Charge per bunch 3.2 nC

Bunch spacing 554 ns

Beam pulse length 730 us A

RF pulse length (incl. fill time) 1.65 ms EEi.Yé'it,“?ﬁAL-Asm
Efficiency (RF>beam) 0.44

Pulse repetition rate ) Hz

Peak beam power per cavity 190* kKW " at 31.5 MV/m
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—> To be reported by S. Michizono

ile Site Specific Design in RF Power

Distributed
Klystron
Scheme

accelerator cryomodules

location of
upgrade klystron

WR770

10 MW Klystron




1m ILC Cryogenic (TDR)
1L ILC REI AT L

Damping ring wigglers and RF

DKS Cryogenic Plant Arrangement - -_l:«?‘,/ Warm helium piping from
Mountainous Topography -~ = central compressor station

Final focus Main linac
5 GeV booster

Detector cryogenics
Undulators

@© Small2Kand 45K cryoplants
@ Large 2K cryoplants
@ Helium compressor stations
() Cryogenic distribution boxes
[ 1.3 GHz cryomodule strings
[] Other SRF (damping ring and crab cavities)
[B8 Superconducting magnets (wigglers, undulators, final focus)

40-80K 5-8K 2K
Predicted module static heat load (W /module) 75.04 10.82 1.32
Predicted module dynamic heat load (W /module) 58.80 5.05 9.79
Number of cryomodules per cryogenic unit 156 / 189 156 / 189 156 / 189
Non-module heat load per cryo unit (KW) 07 /11 0.14 / 0.22 0.14 / 0.22
Total predicted heat per cryogenic unit (KW) 21.58 / 26.40 2.61 / 3.22 1.87
Efficiency (fraction Carnot) 0.28 0.24 0.22
Efficiency in Watts/Watt (W/W) 16.45 197.94 702.98
Overall net cryogenic capacity multiplier 1.54 1.54 1.54
Heat load per cryogenic unit including multiplier  (KW) 33.23 / 40.65 4.03 / 4.96 2.88 / 3.57
Installed power (KW) 547 /669 797/981 2028 / 2511
Installed 4.5K equiv (KW) 2.50 / 3.05 3.64 /448  9.26 / 11.47
Percent of total power at each level 0.16 0.24 0.60
Total operating power for one cryo unit based on predicted heat (MW) 2.63 /3.24
Total installed power for one cryo unit (MW) 3.37 / 4.16
Total installed 4.5 K equivalent power for one cryo unit (kW) 15.40 /

2014.06.30 flat / mountain topographies 40
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ip ILC Cryogenics Layout (After TDR)

On Surface
Cooling Liquid H€lium
Sub-surface \JoWer~ Storag Tank
In Tunnel B ..
(Cryogenic Cavern) . Liquid Nitrogen
4.5K & 2K Helium  storage Tank
o Refrigerators Compressors
Main Linac
Tunnel [ ]
Cryomodules Liquid Helium
Storage Tank
|< -
1-2km
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-IF —> To be reported by A. Emonoto, M. Miyahara
il Site Specific Design in CFS

o T OT B AR o= R-BERE
| “Kamoboko” tunnel

R4000 P e

— s

Reduced surface presence.

WAVEGUIDE l

CRYOMODULE KL;‘S:IR"RON

Horizontal access

1960.45
-

Most infrastructure underground.

3800 e 3500 3700

11000

“Mountainous” \ Y

Topography site- o _ [ % Coo.llng W.

dependent design ) 4b: *Electric
Substation

4 ryogenics Plant
. Access Hall
. —.A
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To be reduced



- To be reported by K. Yokoya

:(lr \Lc Accelerator: Sub-Systems

pre-accelerator
few GeV

/

damping

ring few GeV
few GeV

bunch main linac .
compressor collimation

- [Electron and Positron Sources (e-, e+) : £ &&= 7R

- Damping Ring DR): &7

- Ring to ML beam transport (RTML ) : E—ARNZ > AR—K

- Main Linac (ML ) : E#EFINE:S

- Beam Delivery System (BDS ) : E—AEE: FRINEKI AT L)
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:lp Polarised e- Source
JLT R E R

« Laser-driven photo cathode (GaAs)
« DC gun

* Integrated into common tunnel with positron
BDS

Damping g L—Hic&>THRBEh BN SE|E HEhDE

Faraday Cup
Energy Compression and Mott

L-band (B=0.75)  polarimete I
Spin Rotation NC tune-up dump TW Bunching 0 BHSW'I )
ik \ SC e~ LINAC (5.0 GeV) (11.3kW) and Pre-Acceleration ‘
(141 spare) —_—,

DC Gun (2x)
SC tune-up dump (311 kW)

I
gx10 MW Energy Collimation 10 MW 10 MW 10 MW :"Z,‘ -
(Vertical Chicane) SPARI ™ O I
TN Drive
SHB Laser
(above
% 3.2nC 5nC Ground)
K
| 76 MeV - 5.0 GeV T 140 keV - 76 MeV /‘

— To be reported by K. Yokoya
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. I P Positron Source
o e IR

* located at exit of electron Main Linac ° 4.00€-01

- 147m (~230m) SC helical undulator s -

— ANDUALTD21L—ZF—IC&LDARET > I #R ‘;':'4 2.50501

+ driven by primary e- beam (150-250 GeV) % 3 e

 produces ~30 MeV photons 2 o Vield -=-Pol. —
8% Jield=15

O 1.00E-01

« converted in thin target into e+e- pairs 1 S

- > REBEEFORE 0 0.00E+00

0 50 100 150 200 250 300

Drive Electron Beam Energy (GeV) to Damping Ring

Photon
( Clo“lmato(; ) Pre-accelerator
___________ pol. upgrade (125-400 MeV)
| Energy
aux. source (500 MeV) | Target SCREF booster comp. RF

(0.4-5 GeV)

l

l Flux concentrator

ﬂ

spin rotation
solenoid

150-250 GeV 1 A
e- beam

SC helical undulator photon

dump not to scale!

Capture RF
(125 MeV)

' A e- dump
. ﬁ P 150-250 GeV
- e- beam to BDS
3 :
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—> To be reported by K. Yokoya

:(lr \Lc Accelerator: Sub-Systems

pre-accelerator
few GeV

/

damping extraction

ring fow GeV & dump

few GeV final focus ;
[T

bunch main linac .
compressor collimation

- Electron and Positron Sources (e-, e+): EF- BE IR

- |Damping Ring (DR): & > ¥

- |Ring to ML beam transport (RTML ) : E—ARNZ > AR—K
- Main Linac (ML) : =& CIxss
- Beam Delivery System (BDS ) : E—AEE: FRINEKI AT L)
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1o

Concept
— Reduce eimittance with SR (85T LYIT=Sva 2EFHL )

— Further reduction in short time, b

Damping Rings

mEU>J

using Wiggler

WAZHAWASCLT., SoHICERHBTEYL)
— All bunch in the DR, same time, (—E £ TO/\>FZULEH)

Requirements
- Y& =5.5 um, yg, =20nm
— Time for damping 200 (100) ms

— 1st step 1312 bunches, (2625) bunches
— bunch-by-bunch injection/extraction

(Wiggler

2014.06.30

Positron ring (upgrade) i

Electron ring (baseline) &4

Positron ring (baseline) ".;\

Arc quadrupole section

Dipole section

ILC TDR Overview

Circumference 3.2 km
Energy 5 GeV
RF frequency 650 MHz
Beam current 390 mA
Store time 200 (100) ms
Trans. damping time 24 (13) ms
Extracted emittance x 5.5 um
(normalized) y 20 nm
No. cavities 10 (12)

Total voltage 14 (22) MV
RF power / coupler 176 (272) kW
No.wiggler magnets 54

Total length wiggler 113 m
Wiggler field 1.5(2.2) T
Beam power 1.76 (2.38) MW

Values in () are for 10-Hz mode

Many similarities to
modern 3-generation
light sources

- To be presented by K. Yokoya
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:lI RTML (Ring To Main Linac)

JLT DR A 5ML A D E — A

TEDR2RTML

SGeV
ERTL from EDR

ELAUNCH

Diagnostics (27m)

TERTML2ML Skew correctors

ERTTUDL1 Collimation (400m)
ERTTUD1

e RTML: DRA'SMLA DO E— AN E*

« Spin Rotation: AE> @@

« Bunch compression: /\> F & O E#

« Interim Beam Dump : E— A D HIES >

10km Z2BZAPETERVE—LT A, WHROEEELEZZDVNEN H D,

2014.06.30 ILC TDR Overview 48



—> To be reported by K. Yokoya

:(lr \Lc Accelerator: Sub-Systems

pre-accelerator
few GeV

/

damping extraction

ring fow GeV & dump

few GeV final focus ;
[T

bunch main linac .
compressor collimation

- Electron and Positron Sources (e-, e+) : EF - FETIR

- Damping Ring (DR): & > ¥

- Ring to ML beam transport (RTML ) : E—ARNZ > AR—K

- Main Linac (ML ) : F#REMEEE (BEEIIERLIN )

- |Beam Delivery System (BDS ) : E—AEE:- FRINEKI AT L)

2014.06.30 ILC TDR Overview 49



e

BDS and MDI

lHHU ( Beam Delivery System and Machine-Detector Interface)
E—LEES AT A, MiEsR- AEsR- &

4+
/ Fast abort line '
— 2r i A Chicane to detect
é */ (e+to DR/),-:“ laser-wire photons
é | ?I T/ éb Polarimeter
) q arget bypass chicane P
8 0 ””l"\l Ml wﬂh’hl\(dogleg) Betatron
g Sacrificial 1 Undulator 1 collumatlon Energy
> collimators & Wl llimati
G | Gcaneto | i[[ﬂH-HH#Huh HQMI T ||||||||T+’T||~'¢Ta pi—
i "4[ detectoff- iSkew correction i) 1IN
- energy & emittance \|||“1L||IH|| s P
foanme et O -
4F
Tune-up
i line & dump
e+ source —>e-BDS
_6 1 : 1 ! 1 1 | 1
0 500 1000 1500 2000 2500 3000

- To be reported by K. Yokoya

2014.06.30

Distance along tunnel (m)

e- Beam Delivery System

ILC TDR Overview

50




- To be reported by A. Emonoto, M. Miyahara

i 3D View of Target Region

uoe [BEFE-BDS. haR4EE. . . . .. ...

00000

2014.06.30 ILC TDR Overview



- To be reported by A. Emonoto, M. Miyahara

,"’I": Engineering Data Management (EDMS)

Collaborative engineering:

- Design integration, visualisation, traceability, configuration management
* Design integration:

- Geology, Civil engineering, accelerator design, experimental groups

» Different user groups in remote:
- ILC Community, Planning team, local team, sub-contractors

« Standardization:
- Names, procedures, formats, conventions, design rules

Tunnel

Lattice

ryomodules

2014.06.30 ILC TDR Overview 52



e :
H Outline

 [Introduction
 Accelerator R&D

* Accelerator Baseline Design,

o)

Detectors

Energy Staging

« Schedule

 Summary

2014.06.30 ILC TDR Overview
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—> To be reported by A. Enomoto and M. Miyahara

::'5 MDI (Detector Hall)
R S8R—L

Hybrid-A

Baseline

Assembly Yd Assembly Yd

Main AT
D/H W8m Grad10%

Main AT
W11m Grad7%

* 1 HT (11x11m 7%grad) * 1 HT (8.0x7.5m 10%gradl)
* Detector assembling is « 2VS (D18m, D10m)
inside of DH * Detectors assembling is

on-ground.
) 54

D/H

2014.06.30 ILC TDR Overview



2 Detector Concepts:
Detailed Baseline Design

ILD SiD
. Large R with TPC tracker « High B with Si strip tracker
— 32 countries, 151 institutions, ~700 — 18 countries, 77 institutions, ~240
members members
—  Most members from Asia and Europe —  Mostly American
— B=3.5T, TPC + Si trackers — B=5T, Si only tracker
— ECal: R=1.8m — ECal:R=1.27m

Both detector concepts are optimized for

Particle Flow Analysis

55



ILD Detector

Vertex Detector
detects production and
decay points of unstable
particles and identifies b-
and c-quarks.

Time
Projection
Chamber

measures
momenta of
charged particles

International Large Detector

Super Conducting Solenoid

Calorimeter

measures energies
of neutral particles

AAAAAA

Performance Goal
as compared to LHC detectors

Vertex resolution 2-7 times better
Momentum resolution 10 times better
Jet energy resolution 2 times better

The key is ultra high granularity!

ILD P cranularity

View eventg as viewing Vertex Det. Bx5Um? 400x50pm? x 800
Feynman diagrams

. / b Tracker 1x6mm?2 13mm2 x 2.2
W/Z t EM Silicon: 39x39mm?2 X 61
= () + q=u,c Calorimeter 5x5mm?
g W Scintillator: X7
~ 5x45mm?2 56

q' 3




e :
H Outline

Introduction

Accelerator R&D
Accelerator Baseline Design,
Detectors

Energy Staging

g

N

Schedule

Summary

2014.06.30 ILC TDR Overview
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ilr Known Physics and Possible Staging

"o MEBRBEIRILT— RT—I2Y

« ~125 GeV ‘Higgs boson’
— 125+91=216 GeV cm - 250 GeV

173 GeV ‘Top quark’
— 2x173=346 GeV cm > 350 GeV and higher

Higgs self coupling (ZHH)
— o (ZHH) : maximum - ~ 500 GeV

Top Yukawa coupling (ttH)
— 2x173+125 =471 GeV > 500 GeV and higher

Beyond
— ~ TeV or higher

2014.06.30 ILC TDR Overview

Staging /
Upgrading

58



dlr 250 GeV staged
HU . 550 Gev D RE—F

quasi-adiabatic energy
upgrade?

v

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

IP

- 15.4 km
5 =
<« 25k 5.1 km > k2 3¢ 22km>
/ ;_
/ —
c / Main Linac o BDS
E n
S o
S
£ 125 GeV transport central region

- %2 BDS magnets (instrumentation, CF etc)

-1 RTML LTL ? LU EL
- 5km 125 GeV transport line R e el =
Extended tunnel/CFS already 500 GeV stage an Alternate configuration

10Hz mode e- linac

2014.06.30 ILC TDR Overview
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I
11"

TDR 500 GeV Baseline

500 GeV: TDR - E A 5tiH

- 15.4 km N
N (site length ~31 km) -
E E
<> 10.8 km < 5 ><2.2km—>
N T
/] |
s /[ MainLinac | ¢ BDS
S Y IP
S Main Linac
5 central region
2 <G> = 31.5 MV/m J
G = 22.7 MV/m
(fill fact. =0.72)
Pac: 161 MW
2014.06.30 ILC TDR Overview 60



e Tev upgrade: Construction Scenario
TeV 7Y L—FADHEK-F)F

o

BC
2014.06.30

500GeV operations _
start civil construction i
[ ;
} / /] I*”
BC /| MainLinac | ¢ BDS
Py IP
civil construction + installation
500GeV operations L
/\ / \ [ ;_
- = i C /] |
BC v !/ MainLinac | ¢ BDS
& IP
/\ Mnstallation/upgrade sh’;tdown ( B
[ / B
\i [/ \ | /]

BC o /| MainLinac | ¢ BDS
final installation/connection & /1 IP
removal/relocation of BC Installation of addition
Removal of turnaround etc. magnjats etc. -

(\ /o Commissioning / operation at 1TeV C-
\i /]
I Main Linac | £ BDS
ILC TDR Overview + 61 IP
o




:la ILC Construction Schedule
JIF ILC3E % FARE (A1)

AHe2 .
CM ass.

Year Step Sc material SCRF cavity CM part & test

;§: lll[ ll

I access tunnel ex
S W cavern ex
v hall ex
)
& == beam tunnel ex

RF ass &

y

- ) /7 |,
(1.35km)'l ]

N :

\ aging

concrete lining
invert & drainage }
[y === shield wall 3
= BDS tunnel ex L
w BDS serv. tunnel ex 4 S
5 B
4 = survey & support 3
:u; w—— electrical 6 8
W == piping & ventilation Q
O cabling y 7
— supports 8
=== machine installation ‘
, m— 9
q 10

1 1 |
Installation of machine components - MR

Figure 14.3. The construction and commissioning schedule for the mountain topogr|

Fig. 14.2 caption for details,

WREERRME.  SCRFEERRHM
BI04, O3v a2, 1% (EE500GeV MEBERBLEES)
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TDR handed to LCC Director Lyn Evans

Official Completion of ILC TDR
“A World-Wide Event — From Design to Reality”
TDRE M) 2PA £ GDE- LCC A\ D&k
June 12, 2013:

The International Linear Collider
- A World

wide Event

Fror 3ign to Realty

ILC TDR published in a Worldwide

Event: Tokyo > Geneva - Chicago Fermilab

“THE ILC IS "READY TO GO AHEAD” !
ILC: TERGTA SRI|A

2014.06.30 ILC TDR Overview




ilp :
i Summary:
&

all

ILC TD Phase R&D

— Demonstration of SCRF Technology: =S

- IEEFRCO 35. MV.m)  ILEE —LEGR (9 mA) . IIEE —LRF /MLRE
(1 ms). RF&I|EEfirAm EL., ILCHARD B TERE

— Nano Beam Technology: =i
- DR Emittance: ¥ E ) TORBEIIVAU R (4 pm @ 1.3 GeV))
 FF Beam size: I+ —HRARA U FDIBINE — LA X 44 nm@ 1.3 GeV)

ILC TDR Publication:
— TDR Completion: T EEEEERIZEf[HITSNnT-. B R EN TR,
— Design to Reality: [EX5TM0ERIRNZO(T1=/FEEREZT DN Z S,

Next: Cost Overview Report:
Further Detall

2014.06.30 ILC TDR Overview 64
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""‘Development of e-le+ Colliders

KEK and CERN, pioneering for SCRF beam acceleratlon
10 TRISTAN%KEKB and LEP in 1980 |

<

LC

SLC (US) c — E; ;;”;::A\
€7

100=
> 3 & - ~
- PET:”‘(D) (TRISTAN () N
= _ IPEP(US)‘ o
o7 DORIS ) @ cesr us) 1 VEPPAM (R) ’Keke‘o)\ = e e
o | Yegi (s, 7 S
SPEAR (US) -
@ ADONE (1)
S
0.1
1960 1970 A ] 1990 2000
2014.06.30 ILC TDR Overview 66




I
'e'ol',

RZEMNEZE GO MNRAE OER

5—IJ

L | o I |
- CEBAF: CW SRF Linac
- XFEL & ILC: Pulsed SRF Linac
50 (5 N . Y
. Bjorn Wiik ILC 1 TeV Upgrade
vision ] Very High Gradient R&D
40 | Single-cell cav:| yE.,.,.._‘ ----- oo ar _— “:D -------- 1
i A
L ;L A PXFEL1
'E l“ ILC goal module
E Multi-cell cavity” O m
= 30 | g T
8 TTF SASE FEL run FLASH European XFEL 14 ?ev linac
@© Ll [ e
L | CEBAF 12 GeV Upgrade CEBAF 12 GeV
design goal 2x 1.1 GeV linac
20 o T L A ﬁ
: CEBAF :
module rework
| n l
10 pooo /5 CEBAF TTT| GEBAF 4 CEBAF .
i design goal 4 GeV physics "UJ 6 GeV physics run 1
O B |TRP Recommendationm——
0 i | | || M B | P | | , P T P |
1975 1980 1985 1990 1995 2000 2005 2010 2015
Year RLGENG8mar2011
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Industrial Mass Production of SRF Cavities for EU - XFEL

% 800 XFEL SRF cavities for XFEL at DESY (5% of ILC @500 GeV)

—> unique statistical sample to study properties of mass-produced cavities

¢ Industrial production (RI, ZANON) yields gradients > 23.5 MV/m (XFEL spec)
Yield of usable maximum gradient of 64 cavities (status as of Sep. 2013)
- 50 cavities passed in 15t test + 14 cavities after re-treatment (2"? pass)

20 100% 20 o 100%
st & 2nd pass o 15t & 2nd pass i
18 N N 9% 18 | T - wos | Status of May 2014
5| \ 1st pass 1st pass
- 16 ) —o-yield 1st+2nd pass 80% 16 =o-yield 1st & 2nd pass 80%

~e-yield 1st pass 70% »14

*-yield 15t pass [ 70% _ 300 XFEL CaVItlef'

60%

"« 3 Were produced by
o | EZ, Rl = similar

v

60% =12

50% £ ©10

8 40% 2 g
6 30% g6 I I I t 30% gradient
‘1 . e 8 " lI | performance
2 . [ . 10% 2 L 10%
0 Ll 0% 0 LI " *+ 40901 0%
11 13 1517 19 21 23 23}1[2\2'//3‘3‘ 33 35 37 39 41 43 45 11131517 19 21 2%\3}?’2“7”}‘9’“?%“’35'135 37 39 41 43 45 D ReSChke,
Average maximum gradient: ILC Average usable gradient: SRF 2013

(30.9 £ 4.4) MV/m Recipe: (29.0 £ 3.9) MV/m TTC 2014
EZ: (30.4 + 4.5) MV/m EZ: (28.4 £ 4.0) MV/m

<R[ (32.3 £ 4.1) MV/m RI: (30.6 * 3.1) MV#m

% 24 |LC-HiGrade cavities (http://www.ilc-higrade.eu) added to mass production of XFEL cav.

— detailed studies of performance limitations (optical inspection of defects, quench
locatZo1), development of optimized pdst= pFIEEGIHEhethods to improve maximum figfd




e _
H US — LCLS Il

4 GeV CW SRF Linac based FEL based on ILC
cavities at SLAC

« 35 cryomodules — 280 cavities
* Gradient 16 MV/m; Q0 2e10 at 1.8
« Beam power 1.2 MW max
» Cryogenic power 5.5 MW
» Located in the upstream end of the

exmﬂng 3km-tunnel L2 L3
¢ =-22° @=-21° ¢=0
V, =97 MV V, Z220Mv  HL V,=1447 MV V,=2409 MV
/ = 12A / ,=12A @=-165° I, =50A / .= 1.0 KA
-20mm Lb =2.0 mmV, =55 MV L—O56mm L—0024mm .
| CMo1 K\ cM2,3 ;-M\ CM04 F-- CM15}/_\ CM16 F-* cmss}JC
GUN E= 98 MeV E = 250 MeV E = 1600 MeV ey
0.75MeV R, =-5mm Rss = -55 mm Rss = -60 mm — 0.016%
= 0.05 % 0,=1.4% 0, = 0.46 % ok

100-pC machine layout: Oct. 8, 2013; v21 ASTRA run; Bunch length L,is FWHM

Linac and compressor

Iayout M.Harrison,

LCWS13
2014.06.30 ILC TDR Overview
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STF2; SCRF ACCELERATOR PLAN AT KEK

B Objective Plan:
* High Gradient (31.5 MV/m) - Multiple CM for system study
= >Demonstration of full cryomodule | . |n-house Cavity to be installed
- Pulse and CW operation (for in cooperation with industry
effectuve - Wide range application including
Photon Science

* Training for next generation s
Electron Gun Full Cryomodule Undulators Detector

cmo BC
ot s e e
SC RF-Gun CM1 CM2a+zo Civida +3D0,

Beam Dump

E,. [MV/m]

Gradient achieved at KEK-STF: > ~ 35
MV/m

e\ 2
Beam Acceleration to be in 201 Ly \-lnté-ns.ut\unu RS AR
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. IP Effort to lead industrialization technology at KEK

Press

.  1
P AN
SST EBOCAM KS-110 —

AMADA digital-survo-press MORI VKL-253
G150KM SDE1522 Vertical CNC lathe
Chamber (Stainless Steel 150, 50stroke/min, — e
225mmstroke
chamber) :

More discuss w/
Y. Yamamoto,
T. Saeki,

H. Hayano

Chemic
process
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ilm KEK (in-house) 9-Cell Cavity
"o (KEK-01)

completed, and tested, April, 2014

PR TR R T EEURAR LT e e ey
EP I 20mm ), Water Bewd L 8hrs), FAL_20 295 (50C, 1 Smin),
Blak g 140, &by ), PR A~8hirs)

v -

uw
M"’M |
- M (1000
y 4 'S
. Inith :
Qond %
Fos2 2
o =
He —
-
.-.I'.~ al
Power Lim
Facem
Qund §9° 1048
Poslts

Eace [MV/m]
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,',I": ILC Published Parameters

Collision rate
Number of bunches
Bunch population
Bunch separation

Horizontal emittance

Electron polarisation
Positron polarisation

Advantage of SCRF technology: long pulses

http://ilc-edmsdirect.desy.de/ilc-edmsdirect/item.jsp?edmsid=D00000000925325
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New Paradigm :
View events as viewing a Feynman diagram

Reconstruct final states in terms of fundamental particles (quarks, leptons, gauge
bosons, and Higgs bosons)

b Identify W/Z/top/Higgs with their

q
W/Z t jet invariant mass: M,
q" wt q=uc

Particle Flow Analysis

PFA is the key to achieve excellent
jet invariant mass resolution
comparable to the natural width of

the weak boson: 4 P 1 to-1 track-
O ~ I cluster matching
Mjets Z - for exact Ecn

Use tracker for charged particles, subtraction
use CAL only for neutral particles,
removing energy deposits by 1-to-1 matching requires
charged particles (Ech) in CAL by - High resolution tracking

1-to-1 track to CAL cluster matching High granularity calorimetry




P

—
r

TeV Upgrade

. <26 km ? .
(site length <52 km ?)
£ £
<— > <10.8 km ? > 10.8km———>< o >< 2.2km >
O [ ;_
| /
g- / Main Linac o BDS
S 5 P
S Main Linac
S central region
2 <Gopry> = 31.5 MV/m <
G = 22.7 MV/m

(fill fact. =0.72)

Snowmass 2005 baseline

recommendation for TeV upgrade:
Geaviy = 36 MV/m = 9.6 km
(VT =40 MV/m)

Based on use of
low-loss or re-
entrant cavity
shapes

2014.06.30 ILC TDR Overview 75



ar ILC Time Line: Progress and
JLE Prospect

Internat’l Negotiation

f Joint Site Project Approval
acel el | Site Decision

Project Proposal

\ 4
ICFA

ILCSC
Transitional Arrangement ILC Organization

Work Sharing (Pre-ILC Lab.) (ILC Lab.)

GDE/RD Preparation Phasg

RDR/DBD Activi Construction Operation
Expecting ~ (3+2) year

Site-dependent since (middle) 2013
design

We are here, 2014

2014.06.30 ILC TDR Overview 16




