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The first HE e+e- Linear Collider :
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ILC scale in Kyoto
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Detectors

Accelerator tunnel

e+, e- V=Y
Energy : 250GeV + 250GeV
Length : 11km + 11km

# of MB-Klystron: 560 total

# of Cryomodules : 1680 total
# of Cavities : 14560 total ,;
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Filling and Loading Pattern
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|LC Accelerator Baseline Parameters

E.,: adjustable from 200 — 500 GeV
Luminosity: [Ldt =500 fblin the first 4 years (L ~ 2x10%*cm2s1)
e- beam polarization: 80%

Upgradable: to ~ 1 TeV with 1 ab/ 3-4 years

Options :

- e* polarization >50%

- GigaZ (high luminosity running at M, and 2M,,)
- yy, ey, ee collisions

*Choice of options depends on LHC+ILC results

[http://www.fnal.gov/directorate/icfa/para-Nov20-final.pdf, Heuer et al]
12-02-28, A. Yamamoto ILC Accelerator 33
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° gﬁ . k o £
— Forming and welding (EB ?-‘353 el

» RELE

— Chemical etching
 Electro-polishing

— Cleaning

« Ethanol, Detergent, Micro-EP
« High pressure water rinsing

- A%
— Optical Inspection (warm)
— Thermometry (cold)
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Why Field Gradient Limited in SC Cavity ?
Current major reasons

. . . p— — e
* Field Emission YEANR YA
. o B M
— due to high electric field 2 . T
_’_';,-53 ! "
* around “Iris” )”“\r—*@ f\\z;;i.;gaf»jﬁ
P AN AN
R NI S’
* Quench " y
. F e, = 5
— caused by surface heating from YO RRYA
dark current, or P
— maghnetic field penetration. a e
“« ” } ‘\ 9"'
e around “Equator —’
8 J/
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New High Resolution, Optical Inspection System

For visual inspection of cavity inner surface.
motor & gear for mirror

~600pum beads
on Nb cavity

Camera system (7um/pix)
in 50mm diameter pipe.

sliding mechanism of camera

perpendicular illumination ‘
by LED & half mirror tilted sheet illumination

by Electro-Luminescence
EL EL

white LED z ;l=> ¢ half mirror

mirror
37
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Local grinding

200unrjj X 600%'.'

VL

of guench location

o J - o
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e
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R

Pit; appeared after bulk EP,

limit to 16MV/m

local grinding & @

27TMV/m

additional EP @

38MV/m

AAA-120215,
Yamamoto

Bump at heat affecting zone,

limit to 20MV/m

Local grinder tool

@ local grinding & EP

30MV/m

@ additional HPR and bake

34MV/m
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; Electropolished 9-cell cavities Camille Ginsburg of FNAL
®E JKEK (combined) up-to-second successful test of

cavities from established vendors
EALCPG 1.0c¢t.2009 mAAP 6.Jan.2010 = | CWS Beijing 28.Mar.2010
OTDP Rev.5 30.Jun.2010 BALCPG 20.Mar.2011 B LCWS Granada 29.Sep.2011
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Cryomodule Development & Test

PXF E |_ 1 s FLASH 30MV/M Cavity tests:

e XFEL goal I vertical (CW)
253 Horizontal (10Hz)
EZZ1 CMTB M8 (10Hz)
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operation, PXFEL-1 ]
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S1-Global Assembly/Test with Global Effort

N e o .
. Cryomodule-A | e
N _l_ P N

INFN | € §
and
FNAL =
Feb. HML! _h— : 2 : b
March, 2010 DESY, May, 2010 June, 2010 ~
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S1-Global IZF 175 ZE R % 8E D&

—T 7 [l VT Results —————71 | ave. Eacc,max

40 B 1-Cavity Operation VT :30 MV/m
:_., ............ E 7 Cavities (wio '::-EJI ......... ., ............... 1 cav: 27 MV/m
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o
o
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o
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-
o

Eacc,max [MVim]

0 L. [
D : Detune AESO00 011 2108 2109 MHI-05 MHI-07

C : Coupler FNAL DESY MHI-08 ek MHIFO9

120228, A vamamoto © PErformance reduction jn two cavities and one couplery,
O Tuner mechanics trouble in two cavities




Filling and Loading Pattern

o iz A 7 ki dIc IR

IDH 5 gy
o MW EANT 2 LEREEEE ] ¢ T |
B RT3 k -
« 53542 rChIEOE—L E |
EAHTBE, E—saBlh, mE )/
BES—EILR D, 3™
(M =Voo 7 & MK H) =
o F—LHlHib B LFEFC2A 7 m—f 3
AN ZIED B o T 5
. m%ﬂf%ﬁ%ﬁ%i:ﬁﬁf%o 0 0.5 1.0 1.5 t{“;!.:} 256 3.0 3.6

(CRERT (X, — 80 I 2 BRI 2 B
o HIRELBEEOWENLZEVIZRHDO A —
WinE - O(100ns), H{sE : O(1ms)

o L7=MoT, BEETIIE—LDBEWL

12-02-28, A. Yamamoto ILC Accelerator




gradient [MV/m]

S1-Global : 7:# 25 [ X T L EERERE

LLRF stability study with 7 cavities operation at 25MV/m

Field Waveform of each cavit ity
Yy . Stability in6300.sec.
40 | = o .. vector-sum gradient
o 5 24.995 | '
35 3 % 24 99 -
30 3 n % 24.985 L L L 1 i i
\ _4 3 1000 2000 i’:OO(t)ime [Sec-]4000 5000 6000 7000
25 Ay | _5 g 70 T T T T
2 amplitude stability in pulse flat-top
20 6 S & \ ; } Y
15 N\ 7 e L
\\‘| 8 E 400 10‘00 20‘00 30‘00 40I00 50I00 80‘00 7000
10 Vectorsum 3 e
T g | | phase stability i pulse flat-top
5 ‘ Set gw 0 vid 4o bl i
0 § 14
0 . 1 000 2000 -g 120 1060 20‘00 3060 40i00 50i00 60‘00 7000
tlme [us] time [sec.]

- Vector-sum stability: 24.995MV/m ~ 24.988MV/m (~0.03%)
- Amplitude stability in pulse flat-top: < 60ppm=0.006%rms
- Phase stability in pulse flat-top: <0.0017 degree.rms
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EuropeanXFEL Facility

3.4km >

-‘ ‘v||““‘—- A\ — \ — 4/
\ The European X-ray laser project XFEL
Planning status October, 2003

we= XFEL site +50 m
===+ Options for expansion

s
R

ILC Accelerator
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M. Ross
Main TDP R&D goal driving the 9mA stuaies

In February 2011

Fl AQH !

New RF 3rd harmonic SFLASH +
gun accelerating module redesigned electron beamline
Eo Operation with Gradient
O
\ Spread
— From single RF source
Exchanged 1st / 7th accelerating Transverse deflecting
accelerating module module cavity LOLA +
spectrometer arm

40.0 ACCSH ACC7 - Specifically: achieving
| | 1 i constant gradients for each

35.0 ; | individual cavity during
- 31.5 MV/m| -
beam pulse
30.0 o
— to within few percent
25.0 — close to gradient limits

20.0 — ‘Effective usable gradient’

15.0
« ACC67 modules at FLASH

have operating gradient

10.00

mmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmm
uuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuu

<<<<<<<<<<<<<<<< spread around +I_25%

ALCPG 2011 - Eugene, Oregon 4



FLASH:
February
2011

Energy stability over a 400u s bunch-train with 4.5mA

I I I I I I I I

~0.12% pk-pk

Energy (MeV)

1008.5 - =
| | | | | | | | |
700 750 800 850 900 950 1000 1050 1100
Time (ps)
Energy stability over 3hrs with 4.5mA
1011 T T T T T T
1010.5 - .
~0.02% pk-pk
S 1010 .
(O]
=
> 1009.5 [~ el :
=
(O]
= |
w1009 - =
1008.5 - n
| | | | | | |
02:30 03:00 03:30 04:00 04:30 05:00 05:30

Time of day (hrs)
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Eacc[MV/m]

HIZEMEZER g, 700D
B IR =/l | AE~ 1E
60 ——
- CEBAF: CW SRF Linac
- XFEL & ILC: Pulsed SRF Linac
L I R R R R R R LR L L LR LR R EEELEEEREELRRREERERE |- 7/ ~C - = cocsamassacsaasasaasnsosasas:
.. ILC 1 TeV Upgrade
! Bjorn Wiik [ Very High Gradient R&D
i vision 1
- » $s
40 | Single-cell cavity.*.. —————————————— 41N 1
| A
- F 0 PXFEL1
H module
Multi-cell cavity® O m
B0 g e 1
ELASH European XFEL 14 GeV linac
|
CEBAF 12 GeV Upgrade CEBAF 12 GeV
design goal 2x 1.1 GeV linac
20 oo e T N ﬁ
CEBAF ]
module rework
|
10 o5 CEBAF T cEBAR T EBAF 1
design goal 4 GeV physics run physics run
L] H -
0 | " | L L | L L " | | L L L L | . | L . | |
1975 1980 1985 1990 1995 2000 005 2010 2015
Year ITRP RecommendationR-CENGEmar2011

 Continued progress in SRF gradient : breakthrough of 45 MV/m in 1-cell, ~60 MV/m record; 45 MV/m in 9-cell
* GDE began in 2005: produce a design for ILC and coordinate worldwide R&D efforts

* New SRF Test Facilities in operation: STF at KEK and NML at Fermilab
» Upgrade of CEBAF to 12 GeV underway at Jefferson Lab (80 cavities)
* FLASH operation and construction of European XFEL underway (640 cavities)

12-02-28, A. Yamamoto

ILC Accelerator

50



ILC-TDR: Bl ERETEDFTRICTITT

2011 201.3%

2007
—
.
Reference

Design Report

12-02-28, A. Yamamoto

ILC Technical
Progress Report
(“interim report”)

2012 fEEE\ %ﬁlj%;"ﬁ Technical Design

Report

* end of 2012 — formal
publication early 2013

ILC Accelerator 51



GDE: ILC Timeline
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