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,','E First of all

 We would thank for the opportunity to visit to
— Beijing University (JtZR K% ),
— Tsinghua University (BFEKZ),
— IHEP ( S&EHRR)
today, representing ILC-DGE with

— Kaoru Yokoya ( ##&&; KEK) : Asian Reg. Director
» Leading KEK LC Office and Programs

— Marc Ross (Fermilab): Project Manager
» Global system and Conventional Facility,

— Akira Yamamoto ( LUZBH : KEK ) : Project Manager

« Superconducting RF and Main Linac Technology,
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T Particle Physics to study
Early Universe

B Particle Physics

B Study history of early
Universe

B Particle Accelerators

H A tool to investigate
high-energy particle
interactions in early
Universe

* pu#, High Energy
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,,',‘_,‘ GDE ILC Timeline

2005 2006 2007 2008 2009 2010 2011 2012 2013

GDE process
1 Reference Design Report (RDR)

W Tech. Design Phase (TDP) 1
TDP 2

LHC physics -

Ready for Project
Submission

N. Walker - ILC08 S



ile GDE ILC Timeline

2005 2006 2007 2008 2009 2010 2011 2012 2013

J GDE process
1 Referencg Design Report (RDR)

W Tech. Design Phase (TDP) 1
TDP 2

Intemational Linear Calbider Workshap

~100 GDE participants . f --mw Utw g | gﬁg%::;::mjed
55 institutes - !!, ........”;

12 countries : _

3 regions

N. Walker - ILC08 6



e

Iu Towards a Re-Baselining in 2010

| RDR Baselinei (VALUE est.) > O | New baseline
| | 5 ? engineering studies
DS def > Design Studies > iy
a a o[ ) ;
1 1 1 D: E
(RDR ACD concepts and R&D) CD &ﬁcepts and R&D) !
| Rej d |
2009 2010 ejecte |

elements 2012
 Process

— RDR baseline & VALUE element are maintained
 Formal baseline

— Formal review and re-baseline process beginning
of 2010
» Exact process needs definition

o Community sign-off mandator
N. Walker - ILC08 7



A
1o
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3.

4.

6.

ILCO8 Working Groups

Sources

Axel Brachmann (SLAC)
Jim Clarke (STFC DL)

Damping Rings
Mark Palmer (Cornell)
Andrzej Wolski (CI/UL)
Junji Urakawa (KEK)
Main Linac
Chris Adolphsen (SLAC)
Hitoshi Hayano (KEK)

BDS/MDI

Deepa Angal-Kalinin (ClI DL)

Andrei Seryi (SLAC)

WGG6: Simulation

WGS: CFS

WG4: BDS

WG3: Main Linac

Hitoshi Yamamoto (Tohoku U.)

CFS

Vic Kuchler (FNAL)

WG2: DR

John Andrew Osborne (CERN)

Atsushi Enomoto (KEK)

Simulations
Kiyoshi Kubo (KEK)
Daniel Schulte (CERN)
Nikolay Solyak (FNAL)

WG1: Sources
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Superconductlwty in Particle Accelerators

Acceleration
e Electric Field: E

— Static THE PRINCIPAL MACHINE COMPONENTS geeslorating CAVITY
’ OF THE LEP ACCELERATOR . _)) ) )

~ RF
Beam Handling

« Magnetic Field : B
— Bending
( Dipole Magnet )
— Focusing
( Quadrupole
Magnet)
Superconductivity takes
an essential role

] L] ] L] -] [ ] & ] ] L] -] L] [ -] @ ] -] L] & L] ] '] ] [ ] & L] - & @& @& & @ @& @ @ @& @ a @8

081209 ILC Global Design Effort 9

Focusing MAGNET




'-,'L‘ Development of H.E. Accelerators

IO | e ommnni ® \With high magnetic
L2 | EY /. LHC field required
107 Tev |- 3 magnet AL
100 Tev |- E < 2.|_,
210 Tov L conventiona
| magnet 100 Gev

100 Gev

P=qe°p° B
| | | P [TeVic] = 0.3 » p [km] * B[Tesla]
81200  ILC Global Design Effort 10



,', rogress in H.E. Proton Accelerators
with Superconducting Magnets

Lab. FNAL SSC DESY uUs CERN
Energy [TeV] 0.9 20 0.82 0.1/anm 7
Radius [km] 1 14 1 0.5 4.5
Ring 1 (p+p-) 2 (p+p) 1 (e+p) 2 (p+p) & | pt+p-
B-dipole [T] 6.6 4.7 3.5 8.36
G-quad [T/m] 76 205 91 72 220
R-coil [mm] 38 25 37.5 40 28
#Dipoles 774 7986 422 288 2x1232
(676)
Temperature 4.5 4.4 4.5 4.5 1.9
[K]
Complete year | 1985 Canceled 1990 2000 (2007)
Note First SC large | Few First Economical | Highest
Accelerator’ | training Industrial field
81209 |ngﬁ&ﬂba| Desmmﬂf@—rt SE-He 11




e

1A Progress in H.E. Proton Accelerators

with Superconducting Magnets

Lab. FNAL SSC DESY UusS CERN
Energy [TeV] 0.9 20 0.82 0.1/anm 7
Radius [km] 1 T —— or 4.5
Ring 1 (p+p- ® Dipole Field p+p-
p— ) Beam Energy
B-dipole [T] Hg 8.36
Goquad[t/m] |76 (25 °7 111220
-3 -
Recoilfmm] ]38 |3 o o 28
#Dipoles 774 3L 5[ o o 1] | 2x1232
5 7 ®
O
Temperature 4.5 P e ———— - e 1.9
[K] ,[] L L .I:].OI 1 L ol T T T } T T T T
Complete year 1985 1980 1980 2000 2010 2020 (2007)
Year
Note First SC rarge T Few FIrSt— Economical | Highest
Accelerator’ | training Industrial field
81209 |H9eﬁ&ﬂba| Desmmﬁf@—rt SE-He 12




ilr | i superconducting Magnets

B Diameter: 27 km

B Energy 2X 1 TeV
B SC Magnets

B Dipolefield 84T,

Successful international collaboration including Asia

081209 ILC Global Design Effort 13



,','E CERN-LHC Interaction Region
Focusing Magnets

CERN KEK-Fermilab Coollaboration
081209 ILC Global Design Effort 14
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I, Superconducting Magnets for
for CERN-LHC Experiments

CMS
Spare Dump C S
Cleaning 7 Cleaning
-~ ~So
/ 1 \ ~
/ \
ALIC \'\‘*Y\/ s
E !/ N B
ATLA \\\
S
L owe R
Quadr Solenoid Forward Calorimeters
Quadrupoles E

Inner Inner

I ——a Y

Al-stabilized Nb

SC Magnets

081209
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,',',‘: A Next Step

* International Linear Collider (ILC)

Electrons Detectors Electron source
Undulator : o,

oo Beam delivery system

250GeV 250GeV

Main Linac Damping Rings Main Limnac

081209 ILC Global Design Effort



,,',‘: Particle Accelerators
beyond limit of circular accelerators

Electron machine

THE ENERGY FRONTIER
(Discoveries)

(GeV)

Ring accelerator

Hadron Colliders

(top quark) Tevatron

YLERII
(W* Z bosons) Spps ’

Frergy loss must berepeeet by P ansten >3 | Inear Accelerator

&
’,'{SLC. LEP  (Ny=3)
ATRISTAN
o *PETAA, PEP  (gluor)

&
/"*CESR
ra

’
LASSPEAR I

’,"SI-’EF\H {charm quark, T leplon)
,#ADONE

Constituent Center-of-Mass Energy

ete~ Colliders

1970 1880 1980
Year of First Physics

2000
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e

SC linacs: 2x11 km
— for 2x250 GeV

Injector centralized

— Circular damping rings
IR with 14 mrad
crossing angle

L4

-' rl & ibribﬁm
s e r |

081209

JTUNFUTUR

bunches Electric field

1JiNQ,
Parameter
C.M. Energy
Peak luminosity
Beam Rep. rate

Reference Design
Released in Be

Pulse time duration

Average beam current

Average field gradient

# 9-cell cavity
# cryomodule
# RF units

250GeV

Feb. 2007

Value

500 GeV
2x103%4 cm-2s°t
S Hz
1 ms
9 mA
31.5 MV/m
14,560
1,680

560

(in pulse)

250GeV

ILC Global Design Effort

Damping Rings

Main Linac
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:p . .
i1 Technical Design Report

------ ® @ & ) ] -] & ] L] -] o

to be completed by 2012

Reference HE.F@H fieport f ILC Research and Development Plan |
fccelemim j for the Technical Design Phase

Release 2

June 2008

ILC Global Design Effort
Director: Barry Bansh

Prepared by the Technical Design Phase Project
Management

Project Managers: Marc Ross
Nick Walker
Akira Yamamoto

Reference Design, 2007 >> Technical Design Phase, 2008-2012
We are now at the stage of progressing from the RD to TD

081209 ILC Global Design Effort 20



ilr 1DP Goals of ILC-SCRF R&D

B Field Gradient

B 35 MV/m for cavity performance in vertical test (S0)
m 31.5 MV/m for operational gradient in cryomodule
B to build two x 11 km SCRF main linacs
B Cavity Integration with Cryomodule

B “Plug-compatible” development to:
B Encourage “improvement” and creative work in R&D phase

B Motivate practical ‘Project Implementation’ with sharing
Intellectual work in global effort

B Accelerator System Engineering and Tests
B Cavity-string testin one cryomodule (S1, S1-global)

B Cryomodule-string test with Beam Acceleration (S2)
B With one RF-unit containing 3 crymodule

081209 ILC Global Design Effort 21



ile Why Field Gradient Limited in SC Cavity ?

| :
v Current major reasons
: .. e e
H Field Emission VEA VAR
g Mg e o
B due to high E P
m around “Iris” #'ﬁ"j #@ijf
B Quench e =

M caused by surface heating [, /7 \ |/
from dark current, or i :

penetration.
H around “Equator”

B Contamination
B during assembly

081209 ILC Global Design Effort 22



,",'5 R&D Efforts Required

B Fabrication:
B Forming and welding (EBW)

B Surface Process:

B Chemical etching
M Electro-polishing

B Cleaning
M Ethanol, Detergent, Micro-EP
B High pressure water rinsing

B Inspection/Tests:
B Optical Inspection (warm)
B Thermometry (cold)

081209 ILC Global Design Effort 23



'-’IL‘ Progress in Single Cell Cavity

TABLE II. CAVITY SHAPES STUDIED FOR THE ILC.

Parameter TESLA LLAS RE
Iris aperture (mm) 70 60/61 66 70 - I T ]
Epea/E 198 236202 221 ' - RE, LL, IS, new-RE shapes,
ace : e Y O SN MY T SO SO MMM SO S S rowrTa ]
B,e/Eqcc (mT/(MV/m)) 415 3615356 376 60 .
vater rinsing |8
Char. shunt impedance: R/Q (£2) 114 134/138 127 . N ]
— 50
Geometric factor: G (£2) 271 284/285 277 §
G xR/Q (Q x Q x 10°) 3.08 380/393 351 = ]
< 40 _
E' - ; : ....... ........ ....... ................ 1
o N . Electropolshing(EP) . . . |
a2 0 oC S OOV OO S A ]
- . + HPR + 1207 C Bake I RO
0 I— ]
1o b e e

91 93 '95 '97 '99 "00 03 '05 07
Date [Year]

* Record of 59 MV/m achieved with the RE cavity with EP, BCP and
pure-water rinsing with collaboration of Cornell and KEK

081209 ILC Global Design Effort 24



ilp -
HiA Status of 9-Cell Cavity |

S BT

B Europe TN AR
m “Gradient” (<31.5> MV/m) with Ethanol rinse (DESY): |
B Industrial (bulk) EP demonstrated (<36> MV/m) (DESY)
B Large-grain cavity (DESY)
B Surface process with baking in Ar-gas (Saclay)

B America(s)

B Gradient distributed (20 — 40 MV/m) with various surface process
(Cornell, JLab, Fermilab)

B Field emission reduced with Ultrasonic Degreasing using
Detergent, and “Gradient” improved (JLab)

H Asia
m “Gradient”, 36MV/m (LL, KEK-JLab), 32 MV/m (TESLA-like, KEK)

B Effort in Chinese laboratories in cooperation with KEK, Fermilab,
Jlab, and DESY

oM&ffort in Indian laboraferigs,in caaparation with Fermilab, KEK




'.',I'l: Field Gradient progressed at TESLA

35

i3

ILC operation :
e <31.5>MV/m

R&D Status :

e ~30 MV/m to meet
XFEL requirement

[+ ]
o

W Cavity average

| [ Operational in FLASH

YEEl |
XFEL

N
(5]

Operational Gradient [MV/m]
= & S

w
'

[=]
I

20 % improvement required for I | 26

081209 ILC Global Design Effort



,:'IE Industrial EP at DESY/Plansee

6th cavity production - rf results

- excellent + promising first results including first Plansee nine-cell (AC115)

- Z141 as first cavity with surfaces damages after fabrication under investigation
1.00E+11 * AC115, test 1: final EP

0 AC116, test 1: final "Flash-BCP"

A AC117, test 5: final EP

© AC118, test 1: final "Flash-BCP"

Qo Aa‘ ‘ X% Z141, test 1: final EP
XX X x >K X@ ¢- Qo oAl
o ok
1.00E+10 x v : O p
] )
X
~lr

]

0 5 10 16 20 25 30 35 40 45
MV/m

1.00E+09

HELMHOLTZ

I GEMEINSCHAFT

 The average gradient, 36 MV/m, achieved with AC115-118
081209 ILC Global Design Effort 27



,',IE Progress in American Laboratories

with Japanese contribution for ICHIRO-5

45
mJLab
40 m Cornell
— 35 B FNAL h
§ EANLLL ab
g 30/ 0 JLab/KEK r
© 25 | -
o
B 20- L
[0 ]
e 15 -
[
E 10 -
5 |
0
2 d L
L <

AES1
AES2
AES3
AES4
ICHIROS

9-cell cavity
A (Accell), AES: TESLA shape, ICHITO: LL shape

081209 ILC Global Design Effort 28



081209

Eaceanax [MVim|

Coupler Processing at room temp.

40

H W 15 s e, S
Processing W 500 ac, SHe
20 in Cryomodule B 00w, § He
s B oumes nre 1
W 0 Gy
August, 2008 4

260KW  250kWY

Processing Tune [Howrs)
= L]
= (=]

Progress at KEK

Comparison of achieved Eacc,max

40

Vertical tests and Cryomodule tests

;s | October, 2008

B Vertical Test
B Cryomodule (1.5 ms) |

=1 Cavity #2 Cavity

240K
II .......... aanuw I ...... i Ave. Eacc,max (V.T)
ol MR E B Ave. Eacc,max (Cryo.) =

#3 Cavity %4 Cavity

22.7 MVim
23.0 MV/im

#3-':.55.\\'@ ¥ Lty ﬁ!ﬂu;l:.! #1 Cowity

ILC Global Design Effort
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e
U SCRF Activities In Asia

e Participation in STF at KEK
— Cryomodule and coupler design (IHEP)
— 9-cell cavity fabrication (PAL)
— LL single cell (IHEP)
— Cavity design/processing (PNU/KNU)
— Joining STF operation (RRCAT)
 China
— Cavity fabrication (Deep drawing, EBW, CB)
(IHEP,PKU.)
— Large grain cavity (Ningxia, PKU)
« Korea
— Works other than SCRF (RTML design, cavity BPM, DR)
 India
— Nb material investigation
— Cavity fabrication in cooperation with FNAL
— Cavity process in cooperation with KEK

081209 ILC Global Design Effort



.'IP Combined Yield of Jlab and DESY Tests
LT Reported at TTC (Delhi, Oct. 2008),

summarized by H. Padamsee

48 Tests, 19 cavities 23 tests, 11 cavities

ACCEL, AES, Zanon, Ichiro, Jlab One Vender
All Vendor Yield One Vendor Yield
(A6, A7, A8, A11, A12, A15, AES 1- 4, Ichiro5, J2,AC115, AC117, AC122, (A6, A7, A8, A11, A12, A15, AC115, AC117, AC122, 125, 126)
125, 126, Z139, 143)
1.2 12
1 1
0.8 0.8 —|
06 — n k5 0.6 —
— — — — — — L N B S S S S - .| - Jﬂ / — N — — — — — — — - — — — - — — — — —
50% - <
0.4 — 0.4
0.2 4 0.2 4
0 T T T — 0 T T ,_l
>15 >20 >25 >30 >35 >40 >15 >20 >25 >30 >35 >40
Gradient (MV/m) Gradient (MV/m)

Yield 50 % at 35 MV/m being achieved by cavities with a qualified vender !!
We would thank Technical Guidance given by TTC
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o

1: Research/find cause of gradient limit
high resolution camera
surface analysis

2. develop countermeasures
remove beads & pits,
establish surface process

3: verify and integrate countermeasures
get statistics

081209 ILC Global Design Effort

/I Plan for High Gradient R&D

33



,','E A New High Resolution, Optical Inspection

For visual inspection of cavity inner surface. =—————— 3

motor & gear for mirror

camera & lens

~600um beads o ®* \washita (Kyoto) and
on Nb cavity -.
o’ Hayano (KEK) et al.

|| A1

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

sliding mechanism of camera

perpendicular illumination ) -
by LED & half mirror tilted sheet illumination ™3

S use this system in
. ek
by Electro-Luminescence

cooperatlon with KEK

ﬁ} EL
white LED z ; half mirror

mirror

081209 ILC Global Design Effort 34



ip
UProgress in Profile Measurement

Inside the Cylinder

Development of High
Resolution Camera and )
Observations in TESLA Cavities cavity”
. ) / path \
Y. Iwashita, Y. Tajima and H. Hayano / " |~100 mm
S -} L. _~45deg .
7 EL strips = 7 EL strips Ccylinder

to cameral_" axis
mm

The camera can be
moved by a Linear
Actuator to adjust the
working distance.

Stripe lllumination(Sl)

TOmn/ 70mmy

Mirror can bla tilted

i by aPulse Motor.
~ TTC Meetng at DESY, January 14 - 17, 2000
[ Wall Gradient Measurement
® Fourteen Electro-Luminescence(EL) strip sheets are 10mm . oradient of the cavity's
in axial direction and cover 100mm in azimuthal direction. W\ [ = Larctan |
2 \R—r)]
inner radius %
® These fourteen strips can be turned ON/OFF one by one. irtoind
® Assuming that cavity’s interior surface is a complete mirror, — i >—— -_1.9""‘:'”‘*‘&’
we can measure wall gradients of the cavity’s interior surface oftheorinder . RFLwmed Oz z
with these ELs. »
\ L mirrarif Sdeg i @
TTC Meating at DESY, January 14 - 17,20 B
35

081209

ILC Global Design Effort



1k
Iy Examples

—— Wall Gradient of spot at #3 cell 168° —

1
30 - -

| | —_ 5 T

‘) 1 ¥ |

st

>
e

Cavity Wall

Wall gradient| deg]

Vacuum or Air

0 5000 1000 1500

Left: Measured grad]e'lgps and a fitted differential gaussian.

Right: Schematic drawing of the integral of the fitted curve in the left.
This data shows that the spot is a convex(ball).

From the fitted differential gaussian, the height is 84pum.

L
TTC Meeting at DESY, January 14 - 17

~— Wall Gradient of spot at #7 cell 325° —

15 T — .

CEEERE

TTC Meeting at DESY, January 14 - 17,
XN T
200pm/div

Cavity Wall

AN

[ Wall Gradient Measurement

1.8 gradient of the cavity's

Wall gradient| deg]

interior surface
.. = )
= Emu'”l-.ﬁ |
inner radius
of the cavity .
R=100mm Vacuum or Air
hole ight source (EL) 15 FEPEPEPEFEPETE EPEPEREETETEE 1 PP Z
Quter radius position of to camera 0 500 - 1000 1500
of the cylinder EL turmed ON:z ) Z[um] . ) )
r=25mm Z Left: Measured gradients and a fitted differential gaussian.
4 Right: Schematic drawing of the integral of the fitted curve in the left.

(4= This data shows that the spot is a concave(pit).
"L L

mirrar < Sdeg
TTC Meating ot DESY, January 14 - 17,

081209 ILC Global Design Effort 36



nsistent with Thermal Measurement at FNAL

AESOO01 #3 cell 169deg

3rd Test Results

84pm height S
LCAESOL Qi Hmets e ST
LOBHL & 60pm height [
__________________________________________________________ Rt
LOE+10 o arAlPRE 01,00, R EER T
E to Equator
108409 ¢ Hm o’ 1010 I FS007 #3 cell 181deg
[ 1 -1.9K
= 43pm-height-— EBW seam
e 0 ; 10 is 2
Gradient (MV/m)
I
] F k- 5_.‘ Y i l_‘l |
AESO01 has hard quench at 15MV/m, e el SEED
its location was identified by Cernox at FNAL el T
(M. Champion et al., This conference) ot 1000258
0.2 T
1
2 4
018 -3 b
< om6te
z F
i, 0.14 |- 8
z 0.12
Weld prep g 0.1
&
Welding i 0.08 +
Weld prep o108 —/
—..—‘:-.-I
0.04 - . : - : : -
0.65 0.7 0.756 0.8 0.85 0.9 0.95 13 1.05

081209 ILC Global Design Effort Tditbsp Al 37



l'lll‘: DESY: Field Emission Analysis =

B EP w/o ethanol: Eonset
O EP w/o ethanol: Emax

Of cavities

W EP with ethanol: E_onset
P with ethanol: Emax

EENEN B
3

20 MV/m 0 40

Cavity gradient shifted to High Gradient by ‘ethanol rinse’,
.. except for “lowest two” (due to differentreasons) . .~ . . . . . . .
081209 ILC Global Design Effort 38



,',IE TESLA cavity Z110: #8 cell equator

#8 equator, t=288 ~ 299 deg

T-map data in test 2, 14.2 MV/m

L e S Y B S T B T
0 2 5 T 100 125 150 175 200 XN 350 X5 3 35 3

| Cavity £110 Test 2 File: 2007.02,07_15.15.34_Tmap

Quench location
#8 equator
250 ~ 300 deg

—-1. 00

EESE R RN RALABALHBHEE 0o

B EFEseRe I a8 s HENRGEE -

=]
i

e 6 25 50 75 40 1 15 175 20 25 X0 205 30 B5

group of beads(?) with 10mm wide
were observed.
Similar beads.group were also observed

| Dedige \EM@Places. see following slides.39




Iris

#8-#9i

#7-#8i

HE6-#Ti

#5-#6i

H#4-#5i

| e | #3-#4i

o mm | #1-#2i

49
360 deq

270

180

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ ;
I I
i
- H
AR A 1 1 R N M A 1 O el _l_d-+
0 £
— 0 0 i T
1 - i =
0 0|,
BE [ ey i
I B Ml ALY e L ("lalalY g
O
(b}
0 _ iy
I A I [ O I N e S O O A R B
i i i
I A B L Ulpl_ o _LmL_LH]l-

90

Z11§Iﬁ #9

sum

MU

5

#8

08/0

cell equator

#7

#6

#5

#4

#3

#2

#1

Group of spot

Scratch

Iris

equator

081209




,',',‘: Efforts at JLab and LANL

e Jlab = LANL
— Thermometry and ® Thermometry and
tele-scope videoscope

s W0 s A

RRPPTTL
‘l*‘!’%ﬂ

Scale seen by the
081209 ILC Global Design EfZROSCOPE a1



,'Ip Guideline: Standard Procedure and Feedback Loop

‘ ‘ b Standard (Optional Acceptance
— | Fabrication/Process action) Test/Inspection

Fabricatior Nb-sheet purchasing Chemical component analysis £
Component (Shape) Fabrication R Optical inspect., Eddy current
Cavity assembly with EBW, I> Optical inspection

Process EP-1 (Bulk: ~150um) ,
Ultrasonic degreasing (detergent) or
ethanol rinse

High-pressure pure-water ||'
Hydrogen degassing at 600 C (?) 750 C

Field flatness tuning

Optical inspection [

WV

| EP-2 (~20um)
Ultrasonic degreasing or ethanol (Flash/Fresh L
EP) (~5um))
High-pressure pure-water rinsing
General assembly
Baking at 120 C
Cold Test Performance Test with temperature | Temp. mapping | If cavity not meet specification
(vertical to\/ and mode measurement | ’> Optical inspection

]
| 4

081209 ILC Global Design Effort 42



th

iIson wi

N EP-1 (25 um removed)

each treatment

Compar

,\.l
e
o
>
o
e
o
| S
S
-]
-
— |
+
LO
N
N
!
ol
L

After Fabrication




;|
,'"': Cavity Integration and Tests
 Europe (EU)
— Cryomodule assembly plan for XFEL (DESY/INFN/CEA-Saclay)][1[]
— Input-coupler industrial assessment for XFEL (LAL-Orsay)
— Cryomodule design for S1-global (INFN/KEK)
— TTF-9 mA Test

 America(s) (AMs)

— Cryomodule design
— Cryogenic engineering (FNAL in cooperation with CERN)
— SCREF Test Facility (FNAL)

« Asia (AS)
— Cryomodule engineering design (KEK/INFN, KEK/IHEP)
— Superconducting test facility (KEK)

Global effort for Cavity/Cryomodule Assembly

— Plug-compatible integration and test :

081209 ILC Global Design Effort 44



,"'E Plug-compatible Conditions

Item Can be Plug-comp.
flexible
Cavity shape TeSLA/LL/
RE
. Length Fixed
) Beam pipe flange Fixed
Suspension pitch Fixed
— Tuner Blade/Jack
/ S Coupler flange Fixed
.o & A (warm end)
. : l\ N Coupler pitch fixed
’ He —in-line joint TBD

Plug-compatible interface nearly established



:p
1o

Study of the “plug-compatible”
cryomodule cross-section

7

| | |
1 I |
== |

= ” i
/7 /*.4 . L
/ 3 I
l‘fi I ‘f_ I I r
:"‘I:"‘I‘ antI) S
I s

Vacuum vessel
=¢ 965.2mm | |

Z|

1%

N

=

L/

Two shields model based on

TTF-lI

081209

One shield model to

save fabrication cost”
ILC Global Design Effort




l'lll‘: Why and How Plug-compatibility ?

o Cavity
— Necessary “extended research” to improve field
gradient,
— Keep “room” to improve field gradient,

— Establish common interface conditions,

e Cryomodule
— Nearly ready for “system engineering”
— Establish unified interface conditions,
— Intend nearly unified engineering design

— Need to adapt to each regional feature and industrial
constraint

081209 ILC Global Design Effort 47
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T8 Global Cooperation with
Plug-compatible Design and R&Ds

TD Phase 1 TD Phase 2 I Approval

2010 2012
TDR documents

submitted for

approval
= ~ s i S -
~ \ - ~ "
-~
N 3 ’ % \\
5\ . Industry \ A
\ F g
Industry / \
\ ! \
1) .
Vg \
I . ) @ — |
I o % I Industry |
| Americas Industry I Asian - Indust;

\ reD  \R A 7T ‘rep S
\\ Inf(rast]'ucttllre o [ 7 Infrastructure I
regiona \ ’ regional
\\ centre) \-A A 1’ (cegntre) f!

e / G & / G

s
Industry »
4

#
"
-
-

- Cost-driven R&D

Lo Tech. transfer to
1| industry
! European Industry ;- Innovation
| e ‘ llectual
! Infrastructure ! - Intellectua
\\ (regional !
\ centre) xi engagement
N 4 y % p
* _ Industry Industry 7 - Expert base
- s

Construction Phase

In“sw Americas %
: Cryomodule Industry
Assembly &
(- Testing
\ S g

=y [Len

B I;.ﬂ:-_.

N \Induslry Industry )

< -

ILC
site

c

&>

Industry
~
- ~o
e

L

Operations

Asian %

ryomodule Industry

Assembly &

Testing

\
1

|
I
I

) European
) Cryomodule Industry
‘\"-. Assembly &
\\ /7 Testing I-‘
- Testing (QA/QC) ‘ [ ) @ /!
)
- Free ‘global’ market  “. Industry Industry 7
“

competition (lowest
cost)

- Maintain ‘intellectual’
regional expertise base
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i Plug-compatibility in
R&D and Construction Phases

R&D Phase

— Creative work for further improvement with keeping
replaceable condition,

— Global cooperation and share for intellectual
engagement
Construction Phase

— Keep competition with free market/multiple-suppliers,
and effort for const-reduction, (with insurance)

— Maintain “intellectual” regional expertise base

— Encourage regional centers for fabrication/test facilities
with accepting regional features/constraints
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,','E Cavity and Cryomodule Test
with Plug Compatibility

o Cavity Integration and the String Test to be
organized with:
— 2 cavities from EU (DESY) and AMs (Fermilab)
— 4 cavities from AS (KEK (and IHEP))
— Each half-cryomodule from INFN and KEK




,','E Major Fabrication*/Test Facilities

Regional central facilities to be very
Important and encouraged:

Facilities Host Lab Operation start
TTF/FLASH DESY 1997 ~,

(9mA, 2008~)
Cryom. Ass.* |CEA/Saclay 2010~
STF KEK 2007~2008
ILCTA-ML FNAL 2008~2009

081209 ILC Global Design Effort o1




il TESLAIFLASH at DESY

Experiences
being

gained from
TELA/FLAS
H are critical

ic|

B Cavity average
| @Operational in FLASH

Operational Gradient [MV/m]

1 2 3 1* 4 5 6 7

081209 Mode Mumber ILC Global Design Effort 52



ilr 9mA Experiments in TTF/FLASH

Laser Compressor Compre
5MeV 127 MeV 450

ilp
o

Bunch charge nC 1 3.2 1

# bunches 3250° 2625

Pulse length us 650 970

Current mA 5 9 9

081209

ILC Global Design Effort

experiment

3
2400
S10]0)
9

53
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800

600 -

k¥

400~

200

All RF stations with 800us flat top

| | |
Total gradientin FLASH = 847 heV

—total MeV
——ACE]
— 01GI1
—— ACC456

Average gradient in ACC456 = 19,16 MY

Average gradientin ACC23 = 19.87 WY

Average gradientin ACC1 = 1587 MV

800+

880+

ety

880+~

840+

02 04 06 08 1 12 14 16
ms

550 bunches at 1IMHz, 3nC/bunch, 890MeV

100 200 300 400 500
Bunch number

Preliminary Results (2008)

FLASH operations records
 Long bunch trains with
3nC per bunch:
— 550 bunches at 1MHz
— 300 bunches at 500KHz
— 890MeV linac energy

e All modules running with
800us flat-top and 1GeV
total gradient

e Limited to 1IMHz (3mA)
during first (preparatory)
experiments

« 6 kW achieved

o 2009 goal: 36 kW (9mA)

081209

ILC Global Design Effort 54




."PFirst nine-cell electro-polishing performed
LT at ANL, May, 2008
Fermilab/ANL Collaboration

ACCEL cavity A7 electro-polished &
at ANL, and w®

Further process and tested at Jlab.

T - | = 2 i
| ; — = m

| /’(J .-:__,'l'-,'!.:lfl-.ﬂ-.l-a "-'-" 'l"
J.

ourtesy of Mike Kelly

lobal Design Effd



"l't: New Vertical Test @ FNAL

Nine-cell Tesla-style cavity

 Recently commissioned (IB1) LCABSOL Qe
— Existing 125W@ 1.8 K Cryogenic
plant

— RF system in collaboration with
JLab
— Evolutionary upgrades:
« Thermometry for 9-cells o s w oW
« Plan for two additional VTS cryostat e

......

Plan for 2 more

VTS Cryostat:IB1 |y ViSpits

081209 al Design Effort 56



"IE Assembly Facility at FNAL

=Ml ‘\:-.‘ ] ‘

ICB clean: Final
Assembly fixtures installed

e
'JE | s
MP9 Clean Room hs | String Assembly _
081209 ILC Global Design Effort S7

i -




:ilIr SC Test Facility (STF) at KEK

"g New STF Facilities

STF® (BRFY=7vZ7#®) FmHA

(3 cryomodule)

. Control .
ryogenlc System l’Ogﬂ ;
(from AR-East) -
VMO Kly + Mod. ew 10MW Kly + Mod. - -

(coupler test, (pl'lasel C
O O m x 10m Common
Assemblyiwork
Area H D

@) Lﬁ
sm x 15n IE pamng s B Klystron Gallery -

"m_ Las%rnﬂm l ﬂ' Eg [EINE o]

Cryogenic [Es—h—
Compressor Bt
(from AR-East)

 Vertical Test
Area

V72 H. Hayano, 7/10/2006
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HEOE

. Hot bath

8 Fii 2 “(.':: {A|Eﬂhﬂi)
8 e gl (Degreasing)

Flange-CP EP Rinsing

Assembly
(Class 10)

Infrastructure in STF Hall

-
| ,I. i l
- i o
ahbe.. e e L d
%L = ]
| Bl -~
1| y 1
| i

Pre-tuning Inspection of  Vertical Test Hanging Baking
fo adjustment Inner Surface — Stand  (Class 1000)
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081209

Cavity Sting Assembly with
Cryomodule at KEK/STF

ILC Global Design Effort
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,',I,': General Plan for SCRF at KEK

STF1

May-Dec. 2008 Cryomodule-A with for 4 base-line cavities: 2K cold test is T 1T 1T ]
now continuing.

Jan-Dec. 2009 Cryomodule-B without cavities: Thermal measurement at 2K | |

$1-Global STF-Module A + Module-C

. | |
May 2008 — Dec.2010 Cryomodule with 8 SN [N S S | S8 —_———
cavities (FNAL, DESY and KEK cavities, INFN Operation: June-Dec. 2010
cryostat and STF cryostat) Ta rget: 31.5MV )j M

STF2 (ILC 1RF unit + 1 capture module)
2009-2010 Design work (SC cavity, Cryomodule, Cryogenic system, RF system, etc)

2010- Construction of the components and infrastructure
Quadrupole

081209 ILC Global Design Effort 61



il Beam Acceleration Test Plan

o with RF unit at KEK

ILC bunch Laser
ILC RF unit : 3 cryomodules

capture cavity

dump '
energy analyzer -

A 1 4 440 EH 4 A U LA R T SO DO o Lo e DI U 101 S MO T TN O

RF gun cavity

.

dump

*detail design is not yet done.
(just for imagination)

5MW RF 5MW RF ) Front end electronics
power (#1) power (#2) 10MW Multi-beam Klystron (#3)
< """3 6 m >
< ~65m

081209 ILC Global Design Effort
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,',IE Superconducting Magnets

for Beam Focusing and Transport

TABLE IV QUADRUPOLE SPECIFICATION.

t = Parameter Value
« C
o m p o n e n s I n Integrated peak gradient 36T
C ryo mo d U I e Aperture 78 mm
. Effective length 660 mm
T G -1 nteg ra I " 3 6 T Peak gradient 54 T/m
A pe rt ure.: 7 8 mm Field non-linearity at 5 mm radius 0.05 %
= - Dipole trim coils integrated strength 0.075 T-m
— Alighment: <100 - SR
Magnetic center stability 5 pm
nm Vertical/azimuthal offset in cryomodule 0.3 mn/0.3 mrad
Quantity required 560

DO~~~ Qe OO T |
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,,'E Quadrupole R&D Work at
Fermilab and SLAC/CIEMAT

 Fermilab: V. Kashikhin et al.,

— Test results of superconducting quadrupole
model for linear colliders

— This conference, 4LPAO1,
« SLAC/CIEMAT: C. Adolphsen et al

081209 ILC Global Design Effort 64



'-'IE 2K Cryogenics Engineering

Scale is equivalent to the LHC cryogenics!!

Electron side - Positron side o
Booster

Electron linac

Wag

RTML |} I i ==l Ik =t

Positron linac

—LBre-accelerator

{RTMLE

Undulior :;i‘f;aaii\:g dgﬁ\?g:y Cryo-unt
Final doublet o ¢ DR cavities
DR wigglers Damping Legend:
ring @ 2 Kcryoplants
O 4.5 K cryoplants
0 > Distribution boxes
Transfer lines
One module 346.1
String 12 modules 4,153 0.1
Cryo. unit 14-16 strings 62,992 1.0 0.1
ILC ML 2 X 5 cryo. units 630,261 10.5 0.8
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Klystron Cluster RF
Distribution Scheme

+ RF power “piped”

A
1o

Chris Adolphsen
Chris Nantista

ILC: Co-Axial Tap Off (CATO)

2x35 klystrons housed in

surface building. into acce |erat0r About 1200 Required — Only Gap Length, Ridge Varies
350MW feeds via 0.5m

diameter circul

ey o tunnel every 2.5 km

_ Wrap-Arsund
Waveguide

» Service tunnel
eliminated

e e * Electrical and

o Qutput Waveguide
with Width Transition

cooling systems ' Region

simplified

+ Concerns: power
handling, LLRF
control coarseness

Same as baseline  swm 5]

ACKVITIES QUAD 4CAVITIES SCAVITIES
3 CEVOMODULES
Tos%m

Summary

Surface Kklystron clusters can save ~ 300 M$ (~ 200 M$ from eliminating
service tunnel and ~100 M$ from simpler power and cooling systems).

The GDE Executive Committee encourages R&D to pursue this idea.

The proposed CATO tap in/off design is likely to be robust breakdown-wise.

Have a plan to demonstrate its performance, although with only 1/5 of the ~6.24 MW Resonant Line
worst case |LC stored energy after shutoff. back-shorted
. tap-in 100 m of WC1890

Need to better study:

Waveguide fabrication and tolerances — too large to be drawn, but don't want seams 350 MW
(KEK working with industry on this).
Resonant Ring

phase

Bend design — mode preserving; low-loss; support 350 MW, 1.6 ms; compact
enough for tunnel

Impact on LLRF control, energy spread minimization, & efficiency.

Modifications to accelerator tunnel to accommodate waveguide plus other systems
from tunnel systems.

~£.24 MW

Jshiﬂer

Y directional
-ﬁ-/coumer 200 mof WC18g0  tap-off i- | tap-in
<(':| T

-17.57 dB 350 MW

)

1574




uv

BCD DESY Shallow Tunnel D_RFS
... i |
ol e j}’ Cable s | L
e z
a_"“— ! il __.i|| -

There are several merits in DRFS.

* Complete single tunnel scheme and simple configuration. (Cost
benefit is expected)

-Klystron failure doesn’t give a serious effect to beam operation
since failures are scattered. (cf. BCD, RF Cluster)

+Adoption of MAK leads to the cheap HLRF system and
introduction of power handling is possible for klystron.

*Direct connecting of about 60kV to klystron eliminates pulse
transformer and use of huge insulation oil.

LLRF control is easy and vector sum of 2 cavities are better than
BCD plan.

*By coupling two cavities with same performance, circulators are
possibly eliminated.

*There are lots of advantages for the operation and control.

@ Circulator elimination by power feeding to 2 cavities

from one klystron. Output power is 732kW
@ Modulated Anode Klystron (MAK) is adopted.

@® Anode modulation pulser does not need the high
power and cost efficient pulser is manufactured.
@ DC Power Supply is common for 26 cavities and

voltage drop during the pulse is compensated with
appropriate circuits at the level that LLRF can feed
back.

iln Proposal of Distributed RF-source
Scheme (DRFS)

Nna Khietrnn faodce nower t

Total amount

X 26 X 650
=16900

NooCireilatie,
ale

Maodulntar

'
B P

b | Mo Asaile
Mschulatur

4——
i
{
T T T
._‘: TLRE
.

@— L___,_ ML Anode
Mlodulstor

D ps
with D eop
Compemiatian

Cost estimates
Under going



,','E Cost Reduced RF Concepts

2x35 klystrons housed in
_ surface building.

350MW feeds via 0.5m

— Surface Klystron Cluster
(Adolphsen, Nantista,
SLAC)

e w— Distributed RF Source Concept
(Fukuda, KEK)

Total amount

X 26 X 650
=16900

N. Walker - ILC08 68



,',l,f Outline

B Introduction

B R&D Status

B Plan for Technical Design Phase

B Global Plan and Project Management
B Summary

081209 ILC Global Design Effort
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'-'IE ILC-GDE Organization Chart

PAC |— ---|ILcsC | HFALC [ - - - |FALC-RG

Director’s Office
~ Central Team

~EC

ILC-GDE Directqr I

m‘Expeﬂs|

Regional |
Directors

Project
Managers

I | I I
SCRF-ML  G-CFS AS Project. M. Office
- EDMS
EU - Cost & Schedule
| - Machine Detector Interface
L | AM - ILC, XFEL, Project X liaison
- ILC Communications
L | AS

081209 ILC C.obal Design Effort 70
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SCRF Area Organization in TDP

as of Sept., 2008

Regional Effort:

Harrison, Foster, Yokoya

SCRF Technical Effort:

Yamamoto, Shidara, and Kerby

Institute Institute Cavity: Cavity: Cryomod | Cryogenics HLRF M LI
Leaders Process Integ. ule (LLRF)
Lilje Hayano Ohuchii/C | peterson Fukuda Adolphsen
arter
A | Cornell Padamsee Padamsee
M Fermilab Kephart Champion Champion Champio | Peterson
s SLAC Raubenheimer Adolphsen n Adolphsen | Adolphsen
ANL Gerig Kelly
J-lab Rimmer Reece/
E | DESY Brinkmann Lilje L. Lilje
U CERN Delahaye Parma Tavian
Saclay Dael
Olsay Wormser Prat
INFN Pagani Pagani Pierini
CIEMAT
A | KEK Yokoya Hayano Hayano Tsuchiya/O | Hosoyama/ Fukuda Hayano
S Ve huchi Nakai
IHEP Gao Gao
RRCAT/BAR | Sahni
C (Sahni)
CIUAC Roy .
£%% Bhandari ILC Global Design Effort 71




e

Akira Yamamoto
’ 4 Project Manager

SCRF Tech.

T stsuo Shidara

(KEK)

Jim Kerby
(FNAL)

Marc Ross
Project Manager (chair)
CFS & Global

Nick Walker
Project Manager
Accelerator Systems

_‘ Wilhelm Bialowons
(DESY)

Frank Lehner
(DESY)

John Carwardine
(ANL)

Junji Urakawa
(KEK)

Lutz Lilje (DESY)
Cavity Processing

Johr Osborne (CERN)

Ci 'il Engineering

Hitoshi Hayano (KEK)
Cavity Production &
Integration

Vic t uchier (FNAL)

Axel Brachmann (SLAC)
Electron Source

Conve itional Facilities

Norihito Ohuchi (KEK)
Leader
Harry Carter (FNAL)
Co-Leader
Cryomodule

Shigeki Fukuda (KEK)
HLRF

Tom Peterson (FNAL)
Cryogenics

O8120£T_Main Linac Integratic'.

Chris Adolphsen
(SLAC)

Margar :t Votava (FNAL)

Controls

Technical Area
Group Leaders . . .4

ILC Global Design Effort

 Engineering and
Scientific

Positron Source

Management

e 25 (16 below
PM) —
— T Asia

Andy Wolski
(Cockcroft Institute)
Damping Ring

— TEU
— 11 Americas |

Nikolay Solyak (FNAL)
RTML

Andre Seryi (SLAC)
BDS

Kiyoshi Kubo (KEK)
Simulation

=
[

la
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,',IE How Cooperate/Work Together?

 Project Managers are responsible for:

— Coordinate/lead the world-wide technical
development effort,

— Setting technical direction and executing the
project,

— Day-by-day technical coordination/execution,

 Regional Directors and Institutional
Leaders are responsible for:

— Promoting, funding and authorizing the
cooperation program.

— Periodical reviewing of progress,

081209 ILC Global Design Effort 73



,',',': Project Management in 2007-2008

B Technical Coordination and Leadship (by PMs)

B Encourage “extended R&D for cavity gradient (S0)” and
integration with establishing “Plug-compatibility”
B Propose “Cavity-string test with global effort (S1-Global) “

B We are developing practical plan for cryomodule string test
with accelerator beam (S2)

B Start to prepare for AAP review in spring, 2009,
B We are establishing good communication by visiting world-
wide SCRF/RF laboratories
B DESY, CEA/Saclay, LAL/Orsay, CERN, (INFN, CIEMAT)
B Fermilab,SLAC, Jlab, Cornell, LANL (TRIUMF)

B KEK, IHEP, Beljing U., Tsinghua U, IUAC, RRCAT, TIFR, VECC
BARC, KNU, PAL,

081209 - ILC Global Design Effort 74



J'IE Project Management Plan

in 2008-2010

Actions Required:
B Field gradient (S0)
B To be re-optimized, based on the R&D progress (2010),
B Plug-compatibility
B Common interface conditions to be agreed in LCWS-08 (2008) ,
B Overview document in preparation
B System engineering/test plan, (S1, S2)
B Work sharing in cavity string in global effort (S1-Global)

B Accelerator system test with beam
B Necessary detailed study and re-coordination under limited resources, including schedule

B Effort for “minimum machine” in view of SCRF (by N. Walker),
B RF power sources and distribution,

B Prepare for AAP Review in April, 2009
B Global Communication and cooperation with Laboratories & Industries

081209 ILC Global Design Effort 75
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TD Phase 1
Schedule

Published in:

ILC Research and
Development Plan
for the Technical Design

Phase

Release 2, June 2008
(next release 6 months)

Near term effort on
these activiligs

081209

calendar year|{2008 2009

Tech. Design Phase |

Siting
Value mews- Shallow site option impact studies
engineering Definition of uniform site specs.
Collider Design Work
Value mms - Definition of minimum machine
engineering Minimum machine & cost-reduction studies
Review TDP-ll baseline
Publish TDP-l interim report
GIObaI == | Project Inplementation Plan

Project Plan

Review and define elements of PIP
Develop mass-production scenarios (models)
Develop detailed cost models

High

SCREF Critical R&D

Gradient

Cryomodule
test

s SO0 50% yield at 35 MV/Iim

SyStemS messsl OmA full-beam loading at TTF/FLASH (DESY)

CM Plug compatibility interface specifications

Re-evaluate choice of baseline gradient
S1-Global (31.5MV/m cryomodule @ KEK)
S2 RF unittest at KEK

S1 demonstration (FNAL)

S2 RF unitat FNAL

Test Demonstration of Marx modulator

Demonstration of cost-reduced RF distribution
Electron Other critical R&D
ClOUd mws> DR CesITA program (electron-cloud)

DR fast-kicker demonstration
Precision mmwa> BDS ATF-2 demagnification demonstration
beam COﬂthl Electron source cathode charge limit demonstration

ILC G«

Positron'source undulator prototype

)bé’pﬂeﬁgnempﬂevice feasibility studies

RTML (bunch compressor) phase stability demo




,','E Plug-Compatibility Document

Draft: Sept. 4, 2008
revision: October 12. 2008
updated by AY. Oct. 13, 2008

Plug-compatibility in the ILC Technical Design Phase (SCRE)

ILC-GDE Project Managers
Marc Ross. Nicholas Walker. and Akira Yamamoto

Purpose of this document

This document is an attempt (draft) to describe how we would 'more explicitly' define
plug-compatibility for the R & D Phase. We are planning to include it in the next release of the R
& D Plan. Advice and comments are appreciated.

The document has the following sections:

Introduction

Goals and Guidelines for Plug-compatibility in the Technical Design Phase (TDP)
Scenarios outlining the impact Plug-compatibility has on project phases following the
TDP

4. SRF Technical Group example — the ILC cryomodule

b D =

081209 ILC Global Design Effort
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iln '
1A SCRF Major Goals

High-gradient cavity performance at 35 MV/m according to
the specified chemical process with a yield of 50% in
TDP1, and with a production yield of 90% in TDP2

2010
2012

Nominal Cryomodule design to be optimized:

- plug-compatible design including tune-ability and
maintainability

- thermal balance and cryogenics operation

- beam dynamics (addressing issues such as orientation
and alignment)

2009

Cavity-string performance in one cryomodule with the
average gradient 31.5 MV based on a global effort (S1
and S1-global)

2010

An ILC accelerator unit, consisting of three cryomodules
powered by one RF unit, with achieving the average
gradient 31.5 MV/m (S2)

2012

081209 ILC Global Design Effort
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u’E Global Plan for SCRF R&D

Calender Year 2007 | 2008 2009 2010 2011 2012

Technical Design Phase

Cavity Gradient R&D Process Yield Production Yield
to reach 35 MV/m

Cavity-string test: Global collab.

with 1 cryomodule -0 <31.5 MV/m>

System Test with beam FLASH (DESY) STF2 (KEK)

1 RF-unit (3-modulce) NML (FNAL)

081209 ILC Global Design Effort 79



e

11 TD Phase Priorities — A Summary

SCRF gradient R&D
Reduction of
underground volume
Better systems Cost /
integration

Reduced overhead /

R&D for

Technical Risk
Mitigation

R&D based at Test Beam
Facilities

- Japan (ATF, ATF-2 at KEK)

- US (CESR-TA at Cornell)

- EU TTF/FLASH 9mA (DESY)
- EU DAPHNE (INFN)

Performance /
conservatism Design

ILC
International
Project

Proposal
(2012)

N. Walker - ILC08

Project
Implementation

International
governance
Funding

Siting

Mass production
models

Global Mass
Production

Models and
Industrialisation

SCREF Linac
components
-Cavities
-Cryomodules
-Klystrons

80



,',IE TD Phase 1 Stated Priorities (R&D Plan)

« SCRF Technology (e.g. gradient)
 Damping ring electron cloud

« ATF / ATF 2 (KEK)
e CesrTA (Cornell)
« TTF/FLASH (DESY)

« CFS / Value Engineering
e “Minimum Machine” concept

N. Walker - ILC08 81



,','E SRF Test Facillities

12m (8 cavities) Cryomodule x 3

NML facility - \\{ STF (phase | & II)
Under construction — . Under construction
first beam 2010 v first beam 2011
ILC RF unit test ILC RF unit test

ILC-like beam

ILC RF unit
(* lower gradient)

N. Walker - ILC08 82



,',l,f Cooperation with EuroXFEL

and Other Projects

European X-ray Free Electron Laser Facility [®
« EuroXFEL SRF design gradient : 23.6 MV/m
. Machine designed: 28 MV/m -
« ~100 SCRF cryomodule, based on the experience at TTF,DESY,

 Leading SCRF industrialization (scale: 1/20 of ILC, in coming 5
years)

 Keep close cooperation with XFEL, on-going project.

Further SCRF Accelerator Project Plans investigated:

 Project X at Fermilab, SC Proton Linac at CERN, and ERL at KEK

« Best effort for common design and cost-effective design
83
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iln TTE/FLASH at DESY

RF gun Diagnostics Accelerating Structures Collimator
I )-ﬂ?|-|--- L (4 Undulators
i
Bunch Bunch
Laser Compressor Compressor FEL
SMeV 127 MeV 450 MeV 1000 MeV Bypass Diagnostics
< 260 m >

TTF/FLASH: currently a unique facility world-wide

XFELIBE LS FLASH 9mA

e s Minal 1L | design experiment
Bunch charge nC 1 3.2 1 3
# bunches 3250° 2625 | 7200 2400
Pulse length us 650 970 800 800

Current mA 5 9 9 9

N. Walker - ILC08 84




,','E European XFEL

e 101 Cryomodules

X-Ray Free-Electron Laser 808 cavities
— plus auxiliaries

DESY

LAL  Gradient;
Saclay INEN Milan — 23.5MV/m

— (28 MV/m)

e |[ndustrialisation
& mass
25 RF stations (+1) prod uction
5.2 MW each
— 1 CM/ week
e “In-kind”
Undulators in'[emational

2500 -50 m
Length [m] 3500 50

12 cryogenics/vacuum sections ® |\/|ajOI’ Ch|nese

contribution
N. Walker - ILC08 85
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Collimation
Beam Distribution
500

1000

1500
2000



,,',‘_,‘ GDE & XFEL Timelines

2005 2006 2007 2008 2009 2010 2011 2012 2013

GDE process
_Reference Design Report (RDR)

W Tech. Design Phase (TDP) 1
TDP 2

LHC physics -

Ready for Project
Submission

_ XFEL R&D
e L XFEL preparatory engineering
XFEL pu='e DO X FEL civil construction

CEEERCryomodule production

FIRST BEAM
N. Walker - ILC08 86
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2009 — 2010

Proposed meetings and reviews:

 TDP1 Interim Review, Tsukuba — April 17-21,
2009

« ALCPG Autumn 2009
 |LC Baseline update — January 2010

e TD
e EC
e TD

21 Final Review, April 2010
~A Workshop, CERN — April 2010 (TBC)

21 presentation, ICHEP Paris - July 2010

N. Walker - ILC08
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ilr Summary

B Technical Design Phase In progress:

B Phase-1: Technical reality to be examined,
35 MV/m with yield 50 % in surface process and
m< 31.5 MV/m> with the cavity-string in a cryomodule
B Plug-compatible crymodule to be examined with global effort.
B Phase-2: Technical credibility to be verified
H 35 MV/m with the yield 90 % for 9-cell including fabrication

W System engineering and beam acceleration with the field
gradient <31.5> MV/m.

H We aim for

B Global cooperation with having plug-compatibility, and
with a smooth transition to the construction/production
phase.

B Cooperation with world-wide Institutions cricially

Important
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,',IE Cavity Shape Design Investigated

TABLE II. CAVITY SHAPES STUDIED FOR THE ILC.

Parame ter TESLA LL/IS RE g T ES LA
Iris aperture {(mm 66

perture () — Lower E-peak
Epoi/Enc 221
B,../E,c (mT/(MV/m)) 376 — Lower risk of
Char. shunt impedance: R/Q (Q) 114 134138 127 field emission
Geometric factor: G (Q) 271 284285 277
G xR/Q (2 x 2 x 10°) 308 3805393 351 ® LL/lS, RE

— Lower B-peak

— Potential to
reach higher
gradient

LL: low-loss, IS: Ichiro-shape, RE: re-entrant
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,',IE S1-Global: Cryomodule Assembly
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Cryogenic system

FE.

Module C

Plug-compatibility to be examined
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,',',‘: Vertical Test Commissioning at KEK

- cool-down test of cryostat was done July 3 — 5, using AESO1 cavity.
- EP at STF-EP facility, vertical test again in September.

A

AESO1 cavity with T-map Installation into vertical cryostat
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'-"E Plug-compatible Development

Plug-compatible interface to be established
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ilp Plug compatible conditions at

JLF
Cavity package (in progress)
Carity N, ) ansion ltem Can be Plug-
Nb, . . L\ flexible compatibl
T R | | e
% Cavity shape TeSLA/L
W o L/RE

Length Required
Beam pipe dia Reuuired
Flange Required
Tuner 0
Coupler flange Required
He —in-line joint Required
Input coupler TBD TBD
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e

Eaccemax [MVim]

[IF Eacc,max, and average, in
Cryomodule KEK, Nov., 2008

B oy me sy | O

35 L
Eacc,max
(Cryo.)
=32 MV/m
(max)
> 23 MV/m
(average)

#1 Cavity #2 Cavity #3 Cavity  #4 Cavity



,',IE What's in a Name?

e “Minimum” a bad choice of word!
— historical — now part of the language!
— does not convey what we are attempting to achieve

e Need a better word!

— we are really discussing conceptual studies for specific
alternative designs

« Will change it soon — but for now...
— 110 hits on Google!!

» IRUMNRENEZS
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,-'IE “??2???? Machine” Philosophy

* Direct performance

Physics “figure of Merit”
(direct performance)

_ into “*Minimum Machine” refers to
redundancy, etc. a set of identified options

piLUCRCRMBERELHENY (o|aments) which may simpli
— performance risk ( ) y simplify

- potentially affecting integra the design an_d be cost-
within a given time frame effective

_ Margin, risk reduction,
e Concentrate on Indirect redundancy, ...

— Do not change basic physics (indirect performance)
parameters N. Walker - ILC08 97



','E ldentified Design Study Elements

Central Region
Integration

Klystron Cluster

@
concept

Evaluation of
@& cost-increment for
TeV upgrade Support

Minimum Removal of Main
Machine Linac & RTML

Service Tunnel
Elements E
Single-Stage Bunch

Compressor

Low-Power
Additional Elements Parameter Set

being considered Other "Value
(resource R
YT ctivities
limitations!)
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,'Ip Minimum Machine Document in
o Preparation

e Draft documentis

. preparation
ilp
o
. _ o e (One) Focus of
The ILC Minimum Machine Definition | |_ C 08 WO rkShO p

Release 1

— Study planning
— Resources

November 2008

Prepared by the Technical Design Phase Project
Management

e Final publication
end of year
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,',IE Project Implementation Plan

iiiii
'''''''''''
lllll
......
" .
. ¥ o
L .,

g e ——_
/International ’« ~

*'\Einancing / Regional Distributed\
—— Mass Production
model(s) f,
P - e \

Special Host
Responsibilities

) - : .
= Project —
e Implementation | /in-kind Contribution }
: fﬂiteselectiu Plan model(s)
oo rncedures )_\ o
5_____,3**’ Preparing for a
A‘\ = rapid transition to
{’ﬁnveman;‘ T Slea b lE L o construction
o — project
— ;?-T\J'

Project Structure -

Critical to engage
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process
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TD Phase 1

Transition to Construction

2010

TD Phase 2

2012

TDR documents
submitted for
approval
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TD Phase 1 TD Phase 2 : Approval
|

2010 2012
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approval Global Cooperation:
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;IP Construction Phase Operations
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,"'E Plug-compatible Conditions

Item Can be Plug-comp.
flexible
Cavity shape TeSLA/LL/
RE
. Length Fixed
) Beam pipe flange Fixed
Suspension pitch Fixed
— Tuner Blade/Jack
/ S Coupler flange Fixed
.o & A (warm end)
. : l\ N Coupler pitch fixed
’ He —in-line joint TBD

Plug-compatible interface nearly established
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