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Location of Test Facilities

KEK-B /’@, Proton Linac

He Plant Control Ce/ﬁer
§

uilding(STF)

1) 60m x 30m building:
Kly stron Gallery (with extendable space)
Cavity installation room
magnet power supply room
(with extendable space)
Control room (with extendable space)
Cooling water facility
AC poweryard
extemal Tent House

2) 5m x 3.85m x 93.5m tunnel:

Access hatch only 2m x 45m
with elevator
(with extendable space)

KEK



Plan of Superconducting RF Test Facility (STF)

AR-east
cryogenic
system

PNC
DC PS

PNC
modulator

SMW w vnew SMW kly

new modulator

(ILC struc.)

new

modulator

hew
10MW
MB klystron

700 MeV

OO

2K 20W line
hew UV Lase 2K 30W line
@] Q
iagnostics

200kV DC gun
of ERL develop

RFgun

new 5m Cryomodule
(35MV/m 4 cavity)

!

Beam Diagnostics

PNC
beam dump

new 16m (10 cavities) Cryomodule x 2

(35MV/m)

§
new 5m Cryomodule
(45MV/m 4 cavity)

V2.0 Hitoshi Hayano, 4/12/2005



STF Building plane view
Control e, Iyé?on Gallery !Eﬁ g

Cryogenic System room N
(from AR-East) A
—
New 10MW Kly + Mod.
Kly Assemble :::i - m * 2n1og.av“y) @ cﬁdulg’)
10m x 10m (coupler test,
Vertical Test RT:IGun)
Area —
SmK15m -_
D @ D EI E 10t crane "3
Laser room Klystron Gallery
vertica}! hatch _ |§;:::f‘j ’Anea.p.s.| | smng‘
Vertical Test I cryomodur:'l‘;ess?l e
Area b 2tcrane -
<{ Clean Room for Cavity Process
Cold mass assembly cold mass assembly I & assemble Area
EP Baking 7m x25m_Clean rooms (CIean roomS)
I
Cryomodule Assemble Area, .
10m x 6m EP _area, CLD [ ] DC PS for Mod.
newbuilding | yarious test area —
. Tent House
Cryogenic Compressor

(from AR-East)

V3.0 Hitoshi Hayano, 02/20/2005



STF underground tunnel plane view

Beam Line in the tunnel

entrance hall

s e

r carry down;

10,000

@ ©) 0 \/ ® ® o T 0

—--)la - h-nBPRTILIm

DCgun
(later RFgun) 5m Cryomodule(4 cavities)
+

5m Cryomodule(4 cavities)

Tunnel underground




STF Phase 1 Test Accelerator

DC gun : 200kV CsTe photocathode for quick start
+UV(262nm) Laser (337ns spacing, 2820bunches)

Test Cryomodule
: 4x 9cell TESLA SC cavity (5m cryomodule), 35MV/m
4x 9cell LL SC cavity (5m cryomodule), 45MV/m
(4x 350kW + 4x 450kW = 3.2MW, 1.5ms klystron, 5Hz)

RF power source
: 2x 5MW klystrons and modulators
LLRF control

Beam line
: energy analyzer, emittance, position, intensity monitors
HOM monitor, beam dump



STF Infra-structure
EP: build new EP(Electro chemical Polishing) facility

Clean room
: build new clean room for cavity assemble

Vertical Test Stand
: build new stand,
deep enough for superstructure cavity

Coupler Test Stand
: 5MW, 1.5ms klystron, 5Hz

He Plant : 600W at 4K plant moving from AR-East building
(adding new 2K system )



STF Phase 1 Beam Line Plan

1200

STF Phase 1 Beam Line Plan V2.0

Beam Dump

Cold Box
DC HV
supply
Beam Dump
photo-cathode o
load-lock o o , L. L. ?-'-'
45MV/m Cavity 45MV/m Cavity 45MV/m Cavity 45MV/m Cavity Analyzer Q-mag Q«mag’“ﬁ‘
DC gun
chamber magnet
Plain view
21682
o P s si0s ™ o
DC gun
HV cryostat connection
slide open
upstream cryostat o ‘a downstream cryostat

D'? qt:,n by Beam Dump

chamber o - |
photo-cathode S - - . ome R MM omn  ome D
load-lock soncis | asatom Cavty - T

— b= - & i
K-l - a
onpump
H. Hayano
0221 v2.o

Side view




STF Beam source Plan

1. Photo-cathode DC-gun (from ERL development)

7 Y o

2. Photo-cathode Load-lock System (extension of ATF load-lock
from ERL development)

3. Laser Development (in 2006 )



STF Modulator, klystron plan

1. Buy 5MW Thales Klystron, Build Pulse trans, Modify PNC Modulator
putting bouncer circuit in it.

For driving cavities & Input coupler Test stand, later for RF-gun.
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PNC modulator TH2104C

Additional PT+Bouncer circuit
allows to use TH2104C.

2. Build one more modulator (ILC spec.) for cavity driving (in 2006).
start investigation of technology for bouncer modulator/IGBT modulator.



STF Phase 1

Why two module and connection?
->5m carry hatch,
->Establish weld connection in tunnel.

Weld connection

35MV/m TESLA design cavities

pick up antenna  stiffening ring HOM coupler

1256 mm

45MV/m Low-loss cavities
re T Y Y Y Y TY Y TY ¥y
e AAAA AN ANA L

Become to 8 cavities in one cryostat
Like TTF cryomodule




Preliminary design
of cryomodule whole assembly

cryostat connection

slide cpen
»
upstream cry”stat m—————-—m dorastream cryostat [],,1
GRP up stream GRP connection GRP dow nstream
35UV Covity ) wive 45MVIm Cavity

N - ! o ~
GV S Y

35MV/m TESLA design cavities —=_ 45MV/m Low-loss cavities

slide open

upstream cryostat fl downstream cryostat

GRP upstream GRP connection GRP downstream

35MV/m Cavity FHL-valve 45MV/m Cavity

: Single cryostat operation (option) : . 855 |

Use
L "downstream
cryogenic pipe end bessel",
connection for single cryostat operation

(sideway is possible)
5450

upstream
end bessel [Tl

upstream cryostat

Gas Return Pipe

......

35MV/m Cavity 35MV/m Cavity




Cryomodule Cryostat Design status

Cold Box

45K Low Pressure Line
N2 80K

He Llile Dewar

Plimp

80K shield I

Blockdiagram of cryogenic system
for 4-cavity cryomodule

5K shield

2K Return Gas Line

2K 2-Phase Line

4-cavity Cryomodule

Description OD (mm) Dt (mm) Notes

STF  TESLA STF TESLA
Vacuum vessel 1016 965.2 9.5 9.52 car bon steel
2 K gasreturn 318.5 300 10.3 8 stainless steel
2 K two- phase supply 89.1 2.1 Ti
Cool down/ war m up 38.1 42.2 1.65 1.65 stainless steel
5 K shield supply 42.7 60.3 1.65 2.77 stainless steel
5 K shieldreturn 42.7 60.0 1.65 5 stainless steel
90 K shield supply 42.7 60.3 1.65 2.77 stainless steel
90 K shieldreturn 42.7 60.0 1.65 5 stainless steel

5§
- -

KEK cryomodule cross-section
Design is underway




DESY

9-cell TESLA Cavity

ol S N N ‘»\;55‘;

pick up antenna stiffening ring HOM coupler

HOM coupler power coupler
115. 4mm

1036 mm
1256 mm




Base-Line Cavity Design status

1. Cavity Shape optimization

pick up antenna  stiffening ring HOM coupler

1036 mm ‘

1256 mm

2. cavity and He jacket rigidity
improvement for small
Lorentz detuning

/7538 o 7538 0 115,38 N 7§, 38

Eoiray =/2 % T

T T
40 3 88 €
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Base-Line Cavity Design status cont.

3. Simplification of Tuner mechanism, exchangeability of Piezo Element,
Pulse Motor outside, etc

Pulse motor

Guide slider

Piezo element Slide Jack



Base-Line Cavity Design status cont.

4. Input coupler improvement for simple & cost reduction

(no tuning)

Inpl,%lt coupler plan

No tuning mechanism, fixed coupling.

Cavity Heam pipe

i
Waveguide

100D/43.5d TP 77D/34d TP 56D/244d
200 50 325 50 150

HFSS calc.




1.

2. 9-cell LL cavity design was completed.

High gradient (LL) Cavity status

Single cell High gradient cavity Test

( re-startup of surface process,

vertical test stand )

LL single cell cavity No.1

M&,TW

-80 SMV/m
3s. omwm .
10° L ! ‘ * .
‘ 39.4MV/m

® (o 2nd: EP(80pum)+HPR,Bake(90°C?x48hr)
A Qo 3rd: After additional bake(120°Cx24hr)

10° X Qo 4th: After another bake(120°Cx24hr) E
0 10 20 30 40 50

Eacc [MV/m]

Fig.l LL single cavity No.l 2nd-4th test results

Eecuic Fosd (V)

) Fields in 9-Cell Structures

Lorentz detuning simulation

Simulation of deep drawing
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evaluation of wall stresses and cavity detuning s

2 february 2005 moro

VM s

4x10*mm

Axial: Fixed
Radial: Free

Lorentz force

By H.Yamaoka By H.Yamaoka

Thickness=2.8mm

Material properties(Niobium)
Young’s modulus: 103GPa
Poisson’s ratio :0.38
Density :8.57
Tensile strength : 275MPa
Yield strength  : 207MPa

RY T

Punch EEElE
Nb sheet

_ Holder
& FEM

"

1

F Siightly pushea

Eacc =38MV/m

K.Saito KEK LCPAC 2005 29
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3.

4.

High gradient (LL) Cavity status cont.

Fabrication of 9-cell LL cavity ( deep drawing, EBW, Burring )

Deep drawing of center cell cups 108¢ Beam pipe (copper model)

- w—

Fig.2 HOM copper model(Suzuno Giken) and
successfully burring test on Nb and Cu tubes (Eishyo)

at Kuroki composite |

K.Saito KEK LCPAC 2005 32

Input coupler design modification ( low field on ceramic edge )

Hiroshi Matsumoto, Sergey Kazakov

TTF'3 COUp|er' Simulation of New Wr‘m Window Type II

Tunable
Cylindrical Window
75 Q Coaxial

Comparison of original and new (Type I, II)
window at 500 kW

K.Saito KEK LCPAC 2005 40




STF long-term Plan H. Hayano 04102005

GDE BCD CDR TDR

2004 2005 2006 2007 2008

1112 1 4 8 12 1 4 8 12 1 4 8 12 1 4 8 12

[ Fabricate [Vertiest | 45MV/m, 4 cavity cool down

[ Design | Fabrication [INEFEIESH] 35MV/m, 4 chvity 270MeV beam ON
~ L Design | Fabrication [install&test | opeaton | 8 cavity cryomodule
8 | Move | test |Fabrication for dmycryo | oper ation | Cryogenic System 1
(o] Fabrication for STF cryp test| | operation |
=
o : __ l

[Design |Fabr|catlon. _|ns1all|ﬂ f?rcouplertes1 . Modulator, 5MW klystron, WG, RF contrgl
new mod. for cavities | Design | Fabrication fest operation |
|
[ Design | FabricaionAnstall [ Install&test ||| operaton | e-source, beamline, acc. system
[Design| Fabrication|instal clean-room far string buildup

| Research & Design | Fabrication hnsltall cav. process facilities (EP, CP, HPR et¢)
o 10MW MBK |Design| Fabrication Install&test| operation
O 10 cavity No.1 module [ Design [ Document [BéfifiiSsion Fabrication [Install&test| operaton |
& 15m cryomodule
f with Q-mag No.2 module [ Design [ Document |BEfifiSsion Fabrication [Install&test| operation |

permission permission cool down
process receive

start 700MeV beam ON



STF Sub-group organization

Cryogenic plant : Team K. Hosoyama (7)
High Power RF (inc.LLRF) : Team S. Fukuda(11)

Cryomodule
Cryostat : Team K. Tsuchiya(2)
SC-Cavity (base-line) : Team S. Noguchi(4)
SC-Cavity (high gradient) : Team K. Saito(14)

Electron Gun : Team S. Osawa(4)

Control & Operation : Team ATF(9) & Team XTF(5)
organizer : H. Hayano & N. Terunuma

Surface Process Facility (EP & Clean room) :
organizer : A. Enomoto



STF phase 1 start-up status

JFY 2004 budget reallocated to
Cryogenic plant movement: March+ 2005
45MV/m cavity fabrication: March+ 2005

JFY 2005 budget
2005 plan is fixed.

Construction
responsible person has fixed.
detail scheduling has started (making Excel sheet).
interaction with collaborators has started.
interaction with Industry has started.
Detail design has started.



STF Phase 2 consideration

Purpose of Phase 2

1. Purpose.
build one Main Linac unit (compatible with TDR).
determine detail engineering and drawings.
operate the unit for long time.
basis of realistic cost estimation.

2. Policy.
basis of TDR documentation.
use of feasible engineering (avoid unproven design).
R&D of new design is the next priority.
interface compatibility with TTF and SMTF.



Main Linac Unit.

1. Choice of nominal gradient.
based on TTF experience (with KEK experience).

--> 35MV/m (use of EP)
Comparlson of EP to Standard Etch

mw«mw
28.9 4L 1.1 MVim
35
2oL Afer EP Average
- 30 § 35.6 +/- 2.3 MVIm
8 2
—
o
§
E 15
=
10
0
Eocc[MV/m]

« EP offers systematically higher gradient than standard etch
(single cell results from mode analysis of multi-cells)
Lutz Lije DESY 01.04.2005

2. Choice of klystron power.
there is no tube greater than 10MW. --> 10MW (use of MBK)



Main Linac Unit. cont.

3. Choice of optics.
based on Kubo’s simulation
--> Q-magnet in every two modules up to 125GeV (weak focus)

Correction (C) Correction (C) Correction (C)
410" 810" : 410°*
—8— Weak focus ) ]
- Stning focus i 7108 L =@ Weak focus . wi —8— Weak focus
3.510" : i I - Strong focus , 3.510° - Strong focus
610° - 4
=l <
310* A S S S s .
J S w 1 ! ! 510 ! 7
. . 410% | - 1
2510 T ; ,._/” { ' /
--”.‘_—’ -8 ;- /-”’.
PP 3107 - g =
! ~ o
210% I i 1 - "f'—"'—__"—__-
0 200 400 600 800 1000 2107m= ; 210% i i i i
0 10 20 30 40 50
Quad and Cavity misalignment (uum) Yuad BPM offset ) Y 200 400 600 800 1000
Juad-BEM offset (um Cavity misalignment (1m)
Q-BPM offset 20um Quad misalign 300ym Quad misalign 300ym
Cavity misalign 300ym Q-BPM offset 20um

4. Choice of BPM.

1um resolution, 20um misalignment to Q.
--> use of 1.5GHz cavity BPM attached to Q-magnet



STF Phase 2 : Build ILC Main Linac RF unit

Beam : 2E10 /bunch,

294.5ns spacing,
2820 bunchs 1:12 Pulse Trans

(10.8mA)

10MW Multi-beam
Klystron

Bouncer Modulator

Trf = 1.38ms,
PO =7.6MW,
rep = 5Hz

st | l S O
‘ sheﬁ_eryemed_u_le \ lana ervoemaods lle
N TVITY Llyuvriivuul

P
15m 16m

cryomodule connection Q-magnet + steering

Ecm = 500GeV + BPM

# of cavities : 14240

# of klystrons : 712

active two Linac length : 14.8km
total two Linac length : 20.1km

Cavity : 35MV/m @Q0=1E10
20 cavities/unit
(10 cavities/cryomodule)




ILC Multi-Beam Klystron

The TOSHIBA E3736 MBK
In cooperation with KEK

Design Features:
‘6 becams
*Ring shaped cavities ( !
-Cathode loading: <2.1 A/cm? N Tl
Status:

*Bakeout scheduled for April 2004

*Test scheduled for April/May
2004




ILC Cryomodule

L D .
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4 1
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1m dia. Cryostat(17m length),
12 of 9-cell SC Cavities

l

STF Phase2 --> 1m dia. Cryostat(15m length),
10 of 9-cell SC Cavities, 35MV/m (nominal)



