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ile ILC-GDE Timeline

2005 2006 2007 2008 2009 2010 2011 2012 2013

We are here

IGDE process

1 Reference Design Report (RDR) i 1
I 1
. " Tech. Design Pliise (TDP) 1
TDP 2
1
) 1
LHC physics
b . Higgs-like boson -I :
" ‘ discovered ¥
s :.:TW, ‘‘‘‘‘ : Technical
L R T T Design Report
126 GeV
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Configuration: RDR to TDR

Cost containment
Motivation:

* Single accelerator tunnel

* Smaller damping ring

.= || ® e+ target at high-energy end,
¢ Cavity G. 31.5 MV/m +/- 20 %,
* HLRF and tunnel layout:

— Klystron-Cluster on surface
(KCS), or

— Distributed Klystron in tunnel

Inzey

o*Linac
Boamine.

o*Linec
Boamine

7 mrad " 7med #
30m Racus ¢ RTML 30m Radus L i=s

——
73

RDR-2007 ->
TDR-2012
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yield [%]
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Cavity Gradient:
Production Yield, Yearly Progress

2nd pass yield - established vendors, standard process

1st pass yield - established vendors, standard process

+ 528 MV/m yield

u>35 MV/m yield

+>28 MV/m yield

m>35 MV/m yield

100 - +
80 +
I R |
| z I
| 2w
g
L l T
20
| Lows 2012 LCWS 2012
\ 0 |
3
& S § 5 F $ $ &
N S
v ¥ v test date (#cavities) ¥

test date (#cavities)

G= 28 MV/m

Gz 35 MV/m

<G> above 28 MV/m
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67 (+-10) %
38 (+-11) %

35.1 MV/m
KEKLC #EZE &

94 (+/-6) %
75 (+1-11) %
37.1 MV/m
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* ILC (500 GeV) lj:Te_chnicaI Design Report &%t
gL L= i CEER AT RE

« BERICIE >~ 10FEDEEARE
— 2030F FTIZEERZFAIRT 55121, KEK XHR
A—KR<y AR (FY2013M 5 D~54ERE) (ZEHE D
B EARE
— 250 2500 GeVAD A T— T HVA[ EE
—1TeV ~NDHEAMTHIHL R Z R+
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KEKIF R HEEZZZETDER-
hfEEESD (8/21) :ILC > FRE-TYEDHH(12/26)
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HRBIDMRAZED T RN TFMBEEH-LEBEANERESE S,

BARFICOHERRE (INES-BER) IV TT TIZEERREER-LTLVSA, SEILC
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MR EREEICHET S0, 2012FI21F, RELEM. FE.ANE. BRUMESTH
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KEK-ILC Road-Map:

under discussion

| [ [ e l1s J16 J17 J1s J19 oo a1 [20 [23 J2a |25

ILC TDP/TDR

ATF-future Extended program

STF

QB

STF2- Beam
CM1+CM2a test

STF-Future Extended program

CFS
Civil eng.

Site-survey

14 16 25
19 21 30

T

Fabrication Pfeparam" for  Preparation for  Fabrication and tests, preparation for installation
the project industrialization

Insfégfgjﬁ,sﬂwamamoto KEK LC #ERB R Installation
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KEKREIO—KF <y TEARIIZH (T3
LC MRz F T B R ETE ()

— LCOREBBNano-beam, Ultra-low emittance

— Nano-beam Orbit Control @ £

— H7%Nano Beam( < 40nm) BFE D HEE: CERNZE . B R H - Bk ERTIR
- EEBAICKIAERREOLEER

STF
- LC ORDDBIREE — LIEBATE LSO (T - MR HEE
—  SCRF TRV AT LB D H#E#E
Field Gradient [A] L. CM Degradation® 52 ARk

+  CM1-(8-cavities+(SCQ) ), CM-2a(4-cavities) : CY20141Z5E /L. E —LhNiE

¢ CM-2b, CM3a-3b, SCRF-gun, Undulators ,‘fi@, : 1&5?]’ EP
—  SCRF Beam Test Facility D FE5E

« Pulse and CW operation (iEHBRFTEER,ST)
- LCERICATFI=AMBER

HiERRE
— Beam Test Facility EL T, BB R B LD AAFI D FEE  #8 B (2R L DR&D
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ATF DEKR A &

« 2012~13: ATF-IIT@ Nano-beam (40 nm) 3ZE L
e 2013 ~: Nano-beam orbit control ~® EXY) 0

* Beyond: E%i%Nano-beam ~DHY #A A
— CERN Mo DRE. EMzEE.



Progress in Technical Design Phase

[! Zl
‘A—Ef"ﬁ

Ultra-small beam S

ATF2 beamline

. Nano-meter beam studies; Da‘;n- {n- ;?’:'-
* Low emittance : KEK R e o e s B

— Achieved the ILC goal (2004).
* Small vertical beam size : KEK
Photo-cathode RF gun-_ "t ; S-band Linac

Multi-bunch electron source Multi-bunch beam acceleration, 1.3 GeV'

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

o i~ —

l st
e ~70 nm (Dec. 2012) at g . — ?ecemwzowom g
A i @ P —
low beam current : e/ | zom pl o gk
< i H in Linear Colliders
@ R oo whh e m0d £
§ 100 m.a»/,. 3 I $
I e I -
$ 2 2t08deg  20deg 174 dog - o

o

5 10
Tuning Knob lteration Step
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Background: ATF/ATF2 in 2012-2013

JFY 2012 2013
|2 7 10 1 |a 10 1
Decrease the beam size Continuous studies for
Goal-1 1 establishment and for goal-2
(37nm)
Goal-2 Development of _% 5
components at EXTand IP | @
(2nm ! a3
stabilization) | 52
7E

Emittance
1pm

Cavity Compton

12-12-27, A Yamamoto

I —

KEK

E:‘ Electronics development (FONT, IPBPM readout)
I

10pm->1pm study in DR

4-mirror Cavity R&D; KEK, Hiroshima, LAL

=

—

 —




ATF Future Plan

Next KEK Roadmap
cy | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
GDE
1 1 1
Delay by fire and earthquake

Develop. Nano beam orbit control
Nar!o el (2nmBPM, ~ Beam FONT extension)
orbit control Fast FB) study 2nm steady op.

|| |

35nm Challenging R&D of the Very high chromaticity optics
Small beam b PN Ultra small beam ~ 20 nm

| | | | |
Application ‘ ‘

General R&D

12-12-27, A. Yamamofo KPR CHEHER B 14




KEKREIO—KF <y TEARIIZH (T3
LC MRz F T B R ETE ()

e STF
- LC ORDDBIREE — LIEBATE LSO (T - MR HEE
—  SCRF TRV AT LB D H#E#E
Field Gradient [ £, CM Degradation® 52 g

+  CM1-(8-cavities+(SCQ) ), CM-2a(4-cavities) : CY2014IZ5E/K . E— L& -

¢ CM-2b, CM3a-3b, SCRF-gun, Undulators ,’fi@, . 1&5?]’ EP
—  SCRF Beam Test Facility D FE5E

« Pulse and CW operation (iEHBRFTEER,ST)

. AR
- LWCERICATZAMER
— Beam Test Facility EL T, BB R B LD AAFI D FEE  #8 B (2R L DR&D
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Eacc[MV/m]

e

i SCRF Cavity Gradient Progress

60

50

40

30

20

T T T T T
CEBAF: CW SRF Linac
XFEL & ILC: Pulsed SRF Linac
- - Bjorn Wiik................. &
vision ILC 1 TeV Upgrade
[ Very High Gradicnt R0
y A _‘,A 1
---- Single-cell cavity-- L . .,‘,‘r/‘* &0 1
A
(] PXFEL1
o module 2x
Multi-cell cavity” ] ]
TESLA goala TTF SASE FEL run  FLASH European XFEL 14 GeV linac
[a] u | =
CEBAF 12 GeV Upgrade CEBAF 12 GeV
design goal 2x 1.1 GeV linac
' | |
CEBAF
module rework
CEBAF CEBAF CEBAF
design goal 4 GeV physics run 6 GeV physics run
) W ——
ITRP Recommendation
L L L L L
1975 1980 1985 1990 1995 2000 2005 2010 2015
Year RLGENG8mar2011

12-12-27, A. Yamamoto KEK LC #iftZ R4 16

Courtesy: R. Geng



E. Kako, H. Hayano

,-”": Cavities Performance: Gradient

Summary of Achievable Gradient for all Cavities at S1-Global
W vertical test

B cryomodule test (single cavity) | ___

___________ 31.5 MV/m

AES#4 ACC#11 ZANON#108 ZANON#109  MHI #5 MHI #6 MHI #7 MHI #9

C1 C2 C3 C4 A1 A2 A3 A4
I Before cryomodule installation  Average 30.0MV/m
B after cryomodule installation Average 27.7MV/m

12-12-27, A vamameto 7 cavities combjnad QPGEQLigNR & Average 26.0MV/m 17



St - BInEE —LME AT LDORFE (hE])

1=
. E

mﬁﬁﬁ%WE%M£Em ADS %) BT HEBEMTHY . SiEREN
DEIR FBEEMERNE, ERMNTENVERETHY . CRISHZEN
(. BRIZHE T2 EMNDORBHUERNRIROOND.

mEM RE (Gl
BHER (32 W/m) /UL R INERE CM2b, CM3a, CM-3bD R
=>ZEMEE Y 1—ILES . -
- ON. ES#BE L (WHz) SASE FELOSESE s B
- SRR MESEIRIR. SRR /
. (SCRF) B AEE FHEDBIR - BNSHAOH AR
- BRE., BfTE0
HERE-mREETR WEAMEE 21— BERYTCIL—5— EIERES R R

A W 1 /

\JCMO BC 1 /
RF-Gun CM1(B%%z) CM2 Ch3a +3D, |
H

BB AL EERE WHERERT L Beam Dump

Undulator
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Plans of ILC , STF under discussion

CY2011 | CY2012 | CY2013 | CY2014 | CY2015 | CY2016
ILC

ILC next-phase

TDR J flDR | Heyond TDR towprd ILC >

STF l TDR complete

k QB ConstructionJ OPeratiOTﬂ

Cryomodule (CM-1) Construction J Operation
- cool-down
I | - cold-test

- beam-test
CFF I

Cavity mass production R&D Functioning J
112:12-27, A. Yamamoto KEKLC HitZm & 19




St - BInEE — LMNE AT LD
-

«Xﬁﬁ‘f?ﬂﬁmﬁ%ﬁ(lm ERL, ADS %)=&+ HEBEMTHY .. EEREL
DEIR FBEEMERNE, ERMNTENVERETHY . CRISHZEN
(. BRIZHE T2 EMNDORBHUERNRIROOND.

m A

EER (32 W/m) 7\)L R R B EE
=>ZEMEE D 21— ILEEE

- CW. =#&iR L (MHz) SASE FELD=5E

- ERE I EBERIR. SRR
(SCRF) &M EEEFHi DR

- IRAE. BiTED

Laser cavity

- mnnﬁ%?ﬁ EERMEES1—

\ b L
CMO BI'C'I &
RF-Gun CMza+ T3 %D,

WHERHSRT L
EnBE-BRETFR ey,
12-12-27, A. Yamamoto KEKLC HEEES ndulator 2
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Progress in SCRF System

+ DESY: FLASH

— SRF-CM string + Beam,
+ ACC7/PXFEL1 < 32 MV/m >

— 9 mA beam, 2009
— 800us, 4.5mA beam, 2012

+ KEK: STF

— S1-Global: complete, 2010
+ Cavity string : <26 MV/m>

— Quantum Beam : 1 ms
— CM1 + Beam, in 2014

* FNAL: NML/ASTA
— CM1 test complete
— CM2 operation, in 2012
— CM2 + Beam, in 2013

PXFEL1 =

w
M
7%
is
)
“'15
M
s
ol .

S2ACD 3 ACNE 4215 6.2 620 1

Eacc,max [MVim]
@
&
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FLASH 9mA Expt achievements:
2009-mid 2012

High beam power and long bunch-trains (Sept 2009)

Metric ILC Goal Achieved
Macro-pulse current 9IMA 9IMA
Bunches per pulse 2400 x 3nC (3MHz) 1800 x 3nC
2400 x 2nC
Cavities operating at high 31.5MV/m +/-20% 4 cavities > 30MV/m
gradients, close to quench
Gradient operating margins (Feb 2012)
Metric ILC Goal Achieved
Cavity gradient flatness (all 2% AV/V (800us, 5.8mA) <0.3% AV/V (800us, 4.5mA)
cavities in vector sum) (800us, 9mA) First tests of automation for Pk/Ql control
Gradient operating margin All cavities operating within Some cavities within ~5% of quench (800us,
3% of quench limits 4.5mA)
First tests of operations strategies for
gradients close to quench
Energy Stability 0.1% rms at 250GeV <0.15% p-p (0.4ms)
<0.02% rms (5Hz)




9mA Studies: evaluating rf power overhead requirements

(4.

5mA/800us bunch trains)

Klystron high voltage was reduced

from 108KV to 86.5KV so that the rf

output just saturated during the fill

The required beam-on power ended

up being ~7% below saturation \
|

Notch applied to ACC67 Vector Sum setpoint

317.5 1
—; B0 l
2316 5 B
316.
3 315.5 A
é 315.
Esm.s . N
314.

313.5 bl b o b o o T i FETRLNET
900. 1000. 1100. 1200. 1309. 145C

\ \ Time (us)
kly. output power Klystron Forward Power
14 Fillin, |
S | L
T / z o2 TR S e
05 / ion point an | ﬂw
fos | s | I
£, // N B |
02 & ».  Response to step up is slower because the t
0 T T T T T ] so. L H
0 SEv08 1EV10 190410 2610 250410 SE410 ) _klystron cannot deliver the power demanded
e of AC it T —— Tlme(us)
12-12-27, A. Yamamoto KEK LC R B R 23



STF IREDEEF &t

« PHEAGTE GER B 1R :3~55)
- BCEMREFEESE AR EOER
o ERE BV R R+ THAES. WA O
o BIEEMR, KR 39MFE'D2—IL+T7oPal—5—

« BBEMRE: SRRV ULA W), AHIVRT L BFIR. .

« E—LFI#, EZ8— RET— R

- REIERZE (ILCEAKEDKRIZKD 5~74)
- E—=LTRNI7VT4— BfEFA

- EREEM:MRIVER+HE—LFRAERELT

- BEEMR, XREM 495/ ED2a—IL+T7oPal—43—

« E—LFIA
— BEEME, E—LRFIT4— (LR, CW)
- BEFE—LERVHBMATE. AIERFAR. RB
— THARUYAIVRE—LRET—, HREE%E. BIERHR. 2%
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Plug-compatible Conditions

e

Item Selection Plug-comp.
Cavity shape TESLA / LL TESLA
Length Fixed
Beam pipe flange Fixed
Suspension pitch Fixed
Tuner Blade/ Blade
Slide-Jack
Coupler flange 40 or 60 40 mm
(cold end)
Coupler pitch Fixed
He —in-line joint Fixed

Plug-compatible interface established

12-12-27, A. Yamamoto

KEK LC #ERER
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Blade Tuner selected

Slide-jack tuner at KEK

EXFEL tuner

12-12-27, A. Yamamoto KEKLCHEZER 26



TESLA AND TESLA-LIKE CAVITY

Cell Taper HIM
1302 — 10°

TV TV

- TESLA Cavity at DESY

pick ug a na stiffening ring

ol

upler

N\

\/ Magnetic shield \ BoamTob
$78 — (84
TESLA-like Cavityv T : ! ' s
\ B
/ ‘ G
Thick Titanium Baseplate, Input Port
Thick Nb Beam Tube & Thick Nb End-cell $40 — (60

I3
il
pi}
W

12-12-27, A. Yamamoto KEK LC .
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KEK STF2-CM2b Cawty

Keep “Tesla-like shape, and KEK end group”

Update: LHe Vessel Design with Plug-compatible IF to Tuners

- - - i
12-12-27, A. Yamamoto KEK LC ##ZEE 4
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LHe Vessel 253t @ b= -8 5E (W - ILK)

IV Y VIV
= UV LUN
g
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CWEDA—)LDLAT Ik

* Gas return pipelXZEELL
« £V a1—)LEIZ. Joule-Thompson valve, resistive heater, level

meterZ -85 — 2SIV RLTOELRITET
o 2HZAVOEREIFFHNI00mmIZERE
* HevesselMD2 S AU ~DEREDEREIIHI0OMMIZEE
o EVa—)ILHT=Y250WD ERTITH G

Enlarged 2-phase supply

Additional connection line to 100 mm 1D

One supply valve per module GRP unchanged Enlarged chimneyto 90 mm ID
| \ \ J
[ ] [ ]
L I I E: 2 /
[ I /
.' i ;11—
I Mo connection of the 2-phase Reservoirwith heater and level meter. !
line between modules Heater likely to be distributed along module

12-12-27, A. Yamamoto Figure 5: Designiaf acGREEryormodule 30



,-”": Cavity Fabrication Facility at KEK

As a laboratory’s production R&D effort

| "
)
B
&

12-12-27, A. Yamamoto KEK LC #EZRS



z]» ILC Procurement/Manufacturing Model

Technical
B Coordination i
.-~ \_for Lab-Consortium  ~~~__

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

Hub-Lab :C
responsible to

Regional hub-laboratories

responsible to regional ~  \  CyUrEEEeR G Technical

system test and

procurements to be open for any gradient coordination link
world-wide industry participation performance €= Procurement link

12-12-27, A. Yamamoto KEK LC ¥ ZR & 32



,',’,‘: Production Process/Responsibility

Step hosted

Industry

Industry/ Hub- ILC Host-
Laboratory laboratory laboratory

Regional constraint yes yes yes

Accelerator
- Integration, Commissioning

SCRF Cryomodule Cold, gradient AN eE gl EL
- Perofrmance Test hub-lab

Cryomodule/Cavity Coupler, tuner, cav-stri As partly as
- Assembly cryomoduleassmbly wol hub-lab
Cryomodule component V. vessel,

- Manufacturing cold-mass ...

9-cell Cavity As partly as

- Performance Test hub-lab

9-cell Cavity
- Manufacturing

Sub-comp/material Nb, Ti, specific
- Production/Procurement

12-12-27, A. Yamamoto KEK LC ¥ ZR & 33



KEK-ILC Road-Map:

under discussion

| [ [ e l1s J16 J17 J1s J19 oo a1 [20 [23 J2a |25

ILC TDP/TDR

ATF-future Extended program

STF

QB

STF2- Beam
CM1+CM2a test

STF-Future Extended program

CFS
Civil eng.

Site-survey

14 16 25
19 21 30

T

Fabrication Pfeparam" for  Preparation for  Fabrication and tests, preparation for installation
the project industrialization

Insfégfgjﬁ,sﬂwamamoto KEK LC #ERB R Installation




H25E ERRETEANDEXRF & ()

* ATF:
— Nano-beam (~40nm) MERL (2013FEH)
- ILRFRIRE. XEZREOELLHLEIL (B X EK
— Nano-beam Orbit Control [ EIZE 1H71=#E {5
e STF:
— CM1, CM2-a M5ERK (2013 F E &)
— CM2-b B&LUCM3 AZE RS D RALE (FFE . AEEET$)
» KEKPIBAFEZER (CFF: 3, 4 S4) ZCM2-bIZf H A H
s BHOEEINSDOZER(SEERM)
- ETOEE., CFFEREIREL-tEEEE. SANMYEA
» TDR-baseline ZE;RERET A D BUVE R O HEHE
— TESLAE! 223 &Plug-Compatible 2 ZERD Z 1+ A
— $%(Z. Input-coupler, Tuner [Z DL\ T, compatibility & B 5 L1-FA%
— Mass Production Ffiff D& 2 (KEK-CFF, % ED1HA)

12-12-27, A. Yamamoto KEK LCHE#EZ B R

35



KEKREIO—KF <y TEARIIZH (T3

MERFEEDEED

A S
« ATF
— Nano beam, Nano-beam Orbit Control FFZEBIF D HEHE
- EBRBAICKEIMREFREOEER
— CERN MoDLYKRZLEMEHARF
e STF
- BT EXREHK. ZRAERMEEEOMR L-REIL. Degradation DFAR.
— SCRF TR AT LH D HEHE
+  CM1-full, CM2a, CM2b, CM3a-3b +SCRF-gun+ Undulators + ,, (& : R 54 5)
- BEEE—LMERBRERELTHRREICE—LOBR
* Pulse and CW operation (B ZEHBTESD)
o HEFERE
— Beam Test Facility EL T WKEI D FER
- KRR EEHMRF[ORFEZIESAMER

B

¢ TDRZEBSFEA. ILCHEER. BHRLLITHER SR MEFOFMEAEHED

+ DBD ZHFEZ. AIEBRDESOLLHRETER~NDXE
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