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Outcomes by the JFY2004 budget

ILC 9-cell cavityBFE D 1= 1Z5% {521t

ERIEH K% R E ZE R H
H17.7.288 | (%)
IRTE

KEE 22 R (2500) Done 200 | 4A21B8ICEHEER | TEEV 42—

= k4§ 2B (900) Done 100 | 4A208I1Z5&%: | ARE
FE2REH

X-$#2>—ILEF(200) Done 100 2 Aend AR
FE2RERIF

BETHRROEL Done 100 3Aend AR

(800) F2REE

9-cell ZEiR4E B4k Done 100 | 175 B4AendER

(2800)

%&Y3&6Hend




358 1R 5% D17 1 Toperation AT BELR R AEA
HAZBAE R !

N E

REEZR(KEKER It %)
{£#%:800°C, ~E-6 Torr,
Working zone 500¢x 3000L
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EEkERADAD)—F—ILF

SEHEEL:
9259k —ILE
(Fe(5cm) /Pb(6cm)/Fe(2cm))

b SN T=X-#>—JLE(Fe/Pb/Fe)

| FH LB R A
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Power amp problem

ICHIRO 9-cellZE3R  Ploss 200W at 45MV/m, Net 300WiAEE
600W amplE A#L. I0AAIAFTE. THADRIFEIZEIZEDHELY,

Combined power By THig

Best tuned at every point

Power combine by hybrid ponez

050625 [—@=PowerToHybridCxymbiner [W] 300W
Power into each port of hybrid combiner [ PoverToRbridColQner (W] 100w
- i
_E o, .
Cryostat and magne £ 5 . -
el ity 2 A/ 1 300W
shield for 9-cell cavity £ . 7 _ \ - 4
O i " S d
2 tt=0 ol g \.." :
= &/ﬂ/ ' =8-PowerToHybridCombiner 300W 2 100 = i 100W
T 5 —— A PowerToHybridCombiner 300W - d ; ; y
e aft=10% *»+PowerToHybridCombiner 300W [ -
% "-" -&-PowerToHybrid Combiner 300W £ o i
a 1 -@-PowerToHybridCombiner 100W g S0 s o i \
i I I I I I & i
o 3 ; i
5 0 5 10 15 20 25 30 - \
SG [dBm] 0 O
-10 -5 0 5 10 15 20\ 26 30
SG [dBm)]

Tuned at 20dBm

Exchanged cryo-pit closer to _
300W RF Amp RAYEXRZREFER/—F 2011 577



Pre-tuning after annealing Electropoishing @Nomura Plating
on May 21-24 on May 27 HPR @ KEK on May 27-28

120°C baking on May 29-31

Cavity assembly on May 28

11-13/May/2011 K.Saito RAMBAYREDHES/— 2011 578



ILC WG5S Asia activities

45MV/m cavity® B F& &k B&
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Principle of 50MV/m

Cavity shape designs with low Hp/Eacc

from J.Sekutowicz lecture Note

TTF: TESLA shape
Reentrant (RE): Cornell Univ.

Low Loss(LL): JLAB/DESY
Ichiro—Single(IS): KEK

TESLA LL RE IS
Diameter [mm] 70 60 66 61
Ep/Eacc 2.0 2.36 2.21 2.02
Hp/Eacc [Oe/MV/m] 42.6 36.1 37.6 35.6
R/Q [W] 113.8 133.7 126.8 138
G[W] 271 284 277 285
Eacc max 411 48.5 46.5 49.2 >80




ILC WG5 Asia Strategy and R&D Issues

Push gradient higher for the future ILC energy reach
Needs enough margin on 35MV/m operation
Cavity operation cost saving by 10% by LL cavity shape

Industrialization : Conventional baseline fabrication and advanced Nb/Cu clad seamless
cavity for cost down

KEK decided to develop the LL shape 9-cell cavity for ILC and demonstrate

the high gradient (45MV/m) module operation in STF at least by the TDR.

.

Need a wide dynamical range tuner for larger Lorenz detuning
Need a higher power (500kW) input coupler

4

R&D Issues :
1) 45MV/m high gradient cavity

2) Wide dynamical range tuner system
3) 500kW high power coupler
4) Baseline fabrication, Nb/Cu clad seamless cavity fabrication -




© ICHIRO Cavity program in KEK for ILC

o [ Goal: 51 MV/m!

Eacc,max = 51.4MV/m_|
@ Qo =0.777E10




Development of Wide Range Tuner

Successfully dressed Ichiro#1 cavity

27/ sus3ieL
/i /. He vessel

KEK/Hitachi




String assembly and Cryomodule assembly

Investigate what kinds of problem are there in all the processes:
cavity fabrication to high power test in the cryomodule




Development of high power input coupler

By H.Matsumoto and S.Kazakov
™ 5 NOTE: IN-HOUSE ONLY.

= 7@ E
' ‘ _,,rf:j , ‘ - \T"_‘ . o .
—28i00 = 1 === The specification: 500kW,
ee o9 a1l 1.5msec, 5Hz
s GJ; Lo s @ 45MV/m operation

RF WINDOW
(demountable)
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Schedule of STF 0.5

e Cryomodule assembly will be completed by the END of Feb 2007
e Cryogenic will be completed by the END of March 2007

e First cool down, April 2007

e Warm window connection, May 2007

¢ Second cool down for STFO0.5, June 2007
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Problems on Ichiro 9-cell cavities and what learned
Ichiro 9-cell cavity

Multipacting

Thermal stress @ Nb/SUS bonding

_r.-,lz_‘:::l\i{;l‘ ‘./;___.;:v'—-,z:l_{\“ '/-;,/7":::}‘?:::::'\\\. I;:,/f'::::::*.A":::"'i.% ‘;:‘:;7__7_:;:312:::_4\“ “ P i B A//"-:::: \ “‘:‘.;.;""': :i:
| I 'Y | A W (( | LW (Wi N
0 | | B | B |Jb [J8 | 8
J - SE) A
il " | IR il it
NN AN AN AN VAN NS NI

Problems on Ichiro 9-cell cavities (Ichiro#0, #1 ,#2, #3)

1) LowQ —— understood
2) Multipacting at tapered beam tube— under testing with single cell cavities

3) Thermal stress on the Nb/SUS bonding —> Analyzed
4) Too much coupling to fundamental at HOM pickup ports — under re-designing
5) Field Emission




Bare cavity (HOM, Input coupler®7&L V22 )

11

10
2K
Qo
PP %00ed o
*00 99
10'° ...._’
-
X-ray started vEacc=29.25
11MV/m Qo0=1.02e10
Y I
9
10 Limited by multipacting
at the enlarged beam tube
108 add L.He after 7th meas.
0 5 10 15 20 25 30 35

Eacc[MV/m]
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45

40

35

30

25

Eacc,max [MV/m|

20

15

History of Ichiro#0

1

2 3 + S

6

s 8 9

What we have learned from the history
1) The T-difference between Top and Bottom makes MP more sever.

2) Vacuum closed might be better than evacuating during the cold test.

3) Some physics should be there behind the limitation around 29MV/m. MP!?

| | | |
B ICHIRO #0 Re-EP(30)+EP(closed)
low cooling
Evacuated IP
| Evacuated IPJ
100K test during: cold test
(small T-diffrence)
]
HF rinse Repeated test
+HPR :
Re-EP(20)+EP(closed)
Slow cooling
More RF ~ More RF | |
proccessing” proccessing 100K test
END fla
loss & IRe-EP l l v

10

11

12
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Eacc,max [MV/m|

Eacc,max v.s. MP simulation

45

= P 1 .07 .0 F. .3
@ ICHIRO#) MP barrier by Simulation @ SLAC

40

35

1 2 3 4 5 6 7 8 9 10 11 12 13
Measurement Number

Simulated MP region by L.Ge @ SLAC

11-13/May/2011 K.Saito

Eacemax [MV/m|

45

40

35

T T T
B ICHIRO #)
10K test
(zmall 'r-il!t'-u)
HF rinze Repeated test
+HPR
I Ra- PO "IN clased)
100K text

Measurement No.

MP region expected from Exp.

HAMEBXFRESER/—F 2011
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Multipacting simulation for ICHIRO cavity @ SLAC

MP in end-group of ICHIRO Cavity
with enlarged beampipe (L. Ge)

o . —e—2eV
MP in cell . 36V
» 2000 -
2
S 1600 MP in enlarged
& beampipe
= 1000 -
o
E
3
Z 500
0
5 10 15 20 25 30 35
Feld Level in Mvim




Multipacting @ enlarged beam pipe

MP @ Enlarged BP simulated at SLAC

0.07 -
0.065 -
0.06 -
0.055 -

E 005 -
0.045 -
0.04
0.035
0.03

¢ [nitial Positions
m Final Positions
= De@@Mpipe shape

29.3 MV/m

0 0.05 0.1 0.15 0.2

Z axis (m)
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Result of Ichiro full 9-cell cavity

10" ,,,,1,,,,1,,,1,,,,1,,4,,,1,,,,1,,,‘,,,,1,,,L,,,1,,,1 ,,,,,,,,,,,,,,,,,,,,, T T

| e e et S e el S bt el et Sl e it S

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

*"””7”'"’ﬁ”’r"””Y’""”ﬁ”"'”"”’v""”’ﬁ”'r”””v"””ﬁ”"’ e B

ol L
0 10 20 30
Eacc [MV/m]

Ichiro#1 w/ HOM

Ichiro#0 (w/o HOM)
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STF 0.5 Study

Demonstration of High Power Test
(Cavity, Input coupler, Tuner)

Step-0: STF-0.5, Successfully Done on Mar. End 2008
Step-l: Join Global STF-1 Study, from Dec. End 2008 ?
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STF R&D Plan @ KEK

STF-I

|:> Old Box

Single 9-cell cavity in a sizes cryomodule Four 9-cell cavities in a sizes cryomodule
High power test High power test
Beam test
No beam
. #STF BL cavity, Will done in Autumn 2008
#STF BL cavity, Done Y

#LL cavity, Will start in Winter 2008
#LL cavity, Done on END of March 2008

tr-..a- -a-' --

Power distribution scheme plan

(Four 9-cell cavities in a sizes cryomodule) x 2
High power test
Beam test = ‘ pamvew  Tree distribution
Will be done in Autumn 2008 ithout clreutater

STF-11: 2010-2011 .
One ILC RF unit.

Old Box 9 cavities 8 cavities + QM 9 cavities




STF0.5 Cavity Installation into Cryomodule

One TESLA shape Cavity, One LL shape cavity
are installed into STF phase1 cryomodule. (STF Phase 0.5)

LL shape Cavity

11-13/May/2011 K.Saito HAMBEREIRERESE/—F 2011 596



High Power Coupler

For 4x9cell SST, 2MW coupler is needed but it almost exists.

KEK STF 0.5 activity

By H.Matsumoto and S.Kazakov

NOTE: |IN-HOUSE ONLY.

Successfully demonstrated

_6B180 B — = .. the high power performance
0T . 0o |
e I I i up to 2MW!
| G0~ X ] e cotpmoon oo . )
”““‘_%_ﬁr | [:ij;_ - TI:I:ﬁ: = The specification: 500kW,
i ez =— I @ 45MV/m operation

Trg'd

TAT LS0ms A 228mvERe
L@ 1.45ms @ -220mV

- -Z;MW;-1.5--msec—,§-3-pps-§

' prqc_e.S$ing_ time fodk within 18 hours to reach,
RF WINDOW ' : : ! : :
(demountable) _ s

e R 1 .!'.-‘-- : L 3 : : P‘-

i H‘ Transmission

b

.

Chl 50.0my o Ch2 1o0my M 200ps A Chl o 14.0my]
W s0.0mYy  Ch4 Siamy l .
i . . 1960 %

Successfully power loaded at 2MW, 1.5ms, 3pps.

Other tested power:

500-kW and 1-MW with
1.5-msec, 5-pps for
each 20 hours.

Summary of high power
tests:

£l 1) a prototype input coupler

reached a first goal for
power capability for ILC 45
MV/m scheme.

' 2) modular structure provide

good maintainability, if even
repair the broken parts,
sch os warm side rf
window, which happened in
#1 coupler.

3) MO type rf flange provided
the good performance.
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Successful high power operation @ 18.6MV/m on Ichiro 9-cell cavity

e s —— - ) pees s p———)
18.6MV/m

STFO.5

S5Hz

FB “ON”
Piezo “ON”

11-13/May/2011 K.Saito
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Phase variation at start/end of 30mim operation @ 17MV/m

17MV/m Piezo 2shot on/off

0.2 -0.4
“,_£en
015 —— Pt 0.3 FB “of
Piezo off . 7 o
0.1 - o
(Mixer signal) Start point Piezo “on
0.05

\ (!‘.’Iixer/signal)— -0.1

g =

= 0 , 0 -

= / : =
-0.05 I 0.1
0.1 0.2

— « Piezo on I Watching the mixer signal
-0.15 | ——Piezo off I / 0.3 during the operation by Dr. Y.Higashi

Piezo on after 30min.

0.2 |
0 0.0005 0.001 0.0015 0.002

Time [se

End point after 30 min operation
(Mixer signal)
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Phase variation in 30 minutes operation @ 17MV/m

30 | |
FB “off”

Piezo “on”

40
3.71° +/- 1.94°

_._J—__:_:____: o 9@ @ 9 ———

Phase [Degree]
o
I
|
|
|
I

-40

-80

17:25 17:30 17:35 17:40 17:45 17:50 17:55 18:00 18:05
Time [H:M]
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Thermal stress at the END Plate

Simulated by H.Yamaoka

z direction1.Xmm Fix point

Stain marks?
No marks by visual inspection
after light CP(20um)

ICHIRO #0 BP80 crack-B \

Stress concentration
~250MFa due to shrinkage 0.15mm

HIP bonding

1118



Cure for the thermal stress at the base plate

By H.Yamaoka

High Mn steel

SUS316L

>

:

Cu Nb
Nb/Cu/SUS316L Nb/Ti+SUS316L Nb/Ti+High Mn steel
Stress concentration Thermal expansion coefficient
A | B C D o = dm 2O [E-6/K]
] ]
Nb/Cu/SUS316L 250 500 500 Cu 17.0
NB/TI/SUS316L 00 | 100 | 200 | 470] | | 9N Mn steel 08
Ti 8.4
Nb/Ti/High Mn Steel 100 100 200 80
Nb 5.0




Design of new END base plate

He tank: SUS316L TIG welding

a_kg High Mn steel

Welding method is an 2|, 18
important R&D issue.

s

i
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DL/L (%)

High Mn 8§ &ENbDZUEESE (1) 2008/3/12 K.T
measured by N. Yamada(AIST)

o
i —&— High Mn
- | —e— NDb
-0.05
-0.1 _
0.15 —gpg————
e ad
-0.2
o) 50 100 150 200 250 300

T(K)



High Mn$ll &Nb OFUXFESE (2)  2008/3/12 KT
measured by N. Yamada (AIST)

10 ] _ i
i —&— High Mn | ' o’
[ —e— Nb | =T
8 T
n ./_x”.}r_‘. s ® = L= _.
Lo+ T
"_,-\ 6 ,13
pr T "/./
o s /c/’/ .
= ~ X
— 4 ®e
‘S ./ //
_'f.'.lJ [ ( /‘.
¥ | | . s |
< 2 Pav
k yasy 4. |
ENP'E _
0 &
-2
0 50 100 150 200 250 300
T(K)
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Mechanical property @ cold Temperatures

Materials 0.2% Yield Strength [MPa] Tensile [MPa] Charpy Impact Test [J]
300K 77K 42K 300K 77K 4.2K 300K 77K 42K
Nb 34.3~51.0 621.7 132.4 930.0
+47.7 ~154.5 +48.0
1st Grade 204.3 346.3 408.3 = 297.7 =6.0 715.7 951.7 £9.0 261.8 = 4.6 213.8 = 16.2 195.8 = 12.7
+4.2 +55 13.8 +4.2
T 2" Grade 351.7 636.0 691.3 4457 £7.1 863.7 1093 5.3 101.0 £ 8.1 320 £ 25 278 £45
Tsuchiya +7.0 +4.6 +16.6 +3.1
114.6 =6.9 88.3 £75.8
SUS 316L 615.6 =2.3 1483.6 =5.0
Ti(2nd)/Ti (2nd) 274.7 443.3 517.7 4153 x£2.1 822.0 1041.7 £3.1 50.6 £0 38.4 £2.0 348 £1.0
TIG welding +215 +22.0 +17.8 +2.6
Ti(2nd)/Ti (2nd) 334.0 573.3 649.3 9.6 | 447.7 =0.6 859.7 1088.0 =3.5 59.6 £1.5 55,7+ 0 52.8 +1.3
EBW +1.7 +1.2 +21
Nb/Ti(2d) EBW 61.6 £4.4 18.2 = 3.8 195 +7.9
Nb/Cu/SUS 316L HIP 276.4 =8.4 694.4 =28.9 79.0 = 20.3 19.0 £ 55
Nb/Ti HIP ND 183.8 =63.1 1.78 = 0.11 1.71 = 0.30
Ti/SUS 316L HIP ND 475.4 £44.3
Tsuchiya (several 381-486 | 566~ 32-10.1 11-43
conditions) 749
Tsuchiya (STF) 746 104 £2.1 4.2 +0.5
+55.2
Ti/Ni/SUS 316L 358.4 537.8 £31.5
Explosive Bonding +45.2
Tsuchiya 253 +1.4 20.0 +1.3
Ti/SUS 316L 778.3 2.9 1.7
Friction & Compensation +55.2

| Charpy impact energy must be higher than 18-27 J @ 2K by Japanese high pressure vessel cord. |




Revised Cavity Shape



Heating at the sealing gas due to field penetration

Q depends

on the sealing location ! Low Q Problem Scenario

1) “Cold leak @ Nb/SUS bonding” )<

He abéorption

o Low Q

—Ichiro #1 2) |“Heating mechanism @ sealing gap” @
Qo I Large beam tube (108¢)

10 Poe \
10 == Large field penetration
- _ v _
] 'l? Heating at sealing gap
Original ~ —Changed location
109 Seal IoclatilonI
- ‘ | “Nb Observed the the same problem

[ | W Sealing location: original sussLeL in the Ichiro END single cell,
108 .| @ Sealing location: changed (i:u/ P banding which was EB welded Ti flanges

g c 10 15 20 25 on Nb BP tubes

Eacc [MV/m]
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END single cell study result

By J.Hong

Ichiro single END cell
No T-mapping

Simulation suggests a heating

1011

1010

Qo

at the sealing gap, by Y.Morozumi

11-13/May/2011 K.Saito

® Single cell cavity

with a tapered 108y BP and a straight 6Gp BP

QS

witch

o

5.6 5 04040

9909000 0 0050 o

10

E

20
Eacc [MV/m]

30 40

In

0.06 - 0.

Imm
SUS316L

BW
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RF simulation of the heating
at the sealing gap heating
by Y.Morozumi

Total Loss: 37 W (Q=5.9 X 10°) at 40 MV/m

205 W (Qa=1.1x 1019 >

Gap

R
SRS
S

/, @(Q\\'ZJ.S @
44 W (Qt=4.9x 10107;)‘. ‘( / Niobium Walls

| Rs=131Q @ 2K
F* :

Pickup Port

2.5 W (Qp = 8.6 X 1010) SUS Faces
Rs=47.7mQ @ 2K

| Pl

Heating @ the sealing gap
is double of the cavity wall loss!
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END cell of the Old Ichiro Cavity

ISE#1 19th Meas.

2008/3/20 (Thu.)

T process 9-32 MV/m (25min. ReplaCEd the SUS end

after process
- X-ray >20MV/m
XYY"
CRRRE Sl plate to Cu one.
....
Eacc=34.5 MV/m
Qo0=6.71e9 @2K
limited by FE & Quench Hard Quench
@ the end of the Large BP(108¢) !?

[ Ethanol rinse+D(2%, 1hr, 50C)

—+HPR(15min., KEK)

T(I)C=I76—I77p|pb,IBaL;teri|a=0l—0 |

0 10 20 30 40 50

Eacc [MV/m
4 ®P%%00000sallala
e Ak ol T ] .il.“.ll.ll.ﬂ.“. '.h
iml Achieved the theoretical limitation
41.32MV/m
No Problem !

[ 5th+Degreasing(USA,2%,50deg,1h)

| +M.S.Rinsing(15min)

| +HPR(15min,22mm/min,22rpm)(6/19)

TOC=74-73ppb, Bacteria=10-2

I O A A
0 10 20 30 40

50
ISEH2 Eacc [MV/m]
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Cavity Shape: Ichiro/New Ichiro

108.56 | 1i5.304 115.304 115.304 | _]I5. 109.704

256
(256w Tesia Conty)
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New Cavity Design by Y.Morozumi

Comparison of Dipole Mode Characteristics
between SLAC and KEK designs

Frequency Dispersion

4200

76-60 mm Ported
+ 80 mm Ported

w
N
o
o

Frequency / MHz

N
N
o
o

1200
1

10 19 28 37 46 55 64 73
Mode Number

By Y.Morozumi

Geometric Impedance (R/Q)

1.E+06 76-60 mm Ported
1.E+05 v + 80 mm Ported
c ' Tt L®le +
< 1.E+04 + ++ + - + ~
+ ++
% 1.E+02 +—+ L
Q.
£ 1E+01 + " ;F +
1.E+00 T |
+
1.E-01 + E

1

10 19 28 37 46 55 64
Mode Number

Axisymmetric 2D Simulation

Similar HOM characteristics to the improved design by SLAC with 76¢ BP




Repaired Ichiro#0 and #2 for SO stud

 The END groups with HOM/input coupler port were cut at KEK.
e New END groups with straight BP has been EB welded.

SO study on the repaired Ichiro cavities will be started on middle of Feb 2007.

oo
\
/‘/‘m_

i
l'/ffff,r
]

[

‘."0"
¢
-

!

;

I

- 4“& J‘m .3 " j " ,&. " .& m.k m.g ma —_—
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Single Cell R&D in WG5
KEK



Field Emission by Plunger HPR Pump contamination

2007/3/7 Wed. Before use Contaminated

1011

~ HPR(UPW@Nomura, 3/6):
‘TOC=5ppb, Bacteria= ‘

0 o 20 30 Silicon grease

Eacc [MV/m] used at plunger sealing of HPR pump!

1S#8
8th & 9th meas.

10‘"

1 1 T

HPR pump was replaced to diaphragm type i %‘;Emgmy
on beginning of Sep. 2007 e A i s "‘"me N
Successfully Qualified by single cell cavity tests! 10 i SEnes ik b

Qo

& Oth : D*HPR@Nomura, new—pump 2nd
light MP, X-ray>22ZMV/m.

@ 8th: D*HPR®KEK F.
MP 20 26MV/m, 3min_. X-ray>37TMV/m

S0 il T S N S i

0 10 20 30 20 50
Eacc [MV/m]




loll

1010

10°

10°

Reproducibility

PR E 5 DR E K E (RE cavity)

KIS J:U40MV/mo)§.§€—¥E& (KEK) .

HPR(UPW)Nomura, 7MPa*1hr, with valve

Aa
ay. 200000 c0 e, Adaa, TUVE,
.I"-lll...............
® 000040,,°° Mim g ..'0“
...u...:%'ot

S

"0& —

H oo“...l!.n.'”.'“::
! ]

Eacc / Qo @Temp
: ggggig) 47.14/1.04e10 @2K-1st
" Qo(L8K) 52.31/9.67€9 @2K-2nd
®  Qo(L.7K) 51.65/1.27e10 @1.91K 4
4 Qo(1.5K) 52.46 / 1.53e10 @1.73K ]

52.73/1.48e10 @1.64K

T Y W SN SN SN [N SRS SN TR S S S S SN U Y S S S S S S S 1

: RE quench :
Eacc=52.31MV/m |]
1690000, Qo0=0.97E10 |
LL quém:h QO
Eacc=47.34MV/m
Qo=1.13E10
10° -
L.l A Reentrant Single cell cavity @ 2K |
.| © Low Loss Single cell cavity @ 2K |
ENEENENEEEENNNNEENED 10°
10 20 30 40 50 60 0

Eace [MV/m]

10 20 30 40 50 60

BIERR @ 2K LIRE

Eacc[MV/m]
HES

BE.BEXRLERE

Low Loss @ 2K
Eacc,max Qo @ Eacc,max
46.5 1.20E10
47.3 1.13E10
46.6 1.50E10
45.0 1.03E10
44.0 1.20E10
459+1.3 MV/m, Q0= (1.21%+0.18) E10

Reentrant@ 2k
Eacc,max Qo @ Eacc,max

51.2 0.59E10
52.3 0.97E10
51.9 1.11E10
52.4 1.21E10
50.0 0.98E10

51.6 =1.0 MV/m, Q0 = (0.970.24) E10




1011

Qo

1010

10°

1011

Qo

1010

10°

1011

Qo

10 10

10°

Reentrant

Eacc [MV/m]

e REQo@2K F
W“.
“"'“nou“onnnouoonoou....
=
Eacc,max = 52.4MV/m
Qo =1.21E10
I I I I I I
10 20 30 40 50 6
Eacc [MV/m]
B LLQ@2k H
"’!ll-nﬂ-lll-n“.-i
.m
i f
Eacc,max = 47.3MV/m _*
Qo = 1.13E10
I Y I O Y
10 20 30 40 50 6
Eacc [MV/m]
® ICHIROQo @ 2K B
._—-i..‘u‘m"_
®
“"“"”Oonnnouon J
—
Eacc,max = 51.4MV/m
Qo = 0.777E10
Y I I I I I Y I
10 20 30 40 50 6

Done the Principle proof of the 50MV/m

Diameter [mm] 60
Ep/Eacc 2.36
Hp/Eacc [Oe/MV/m] 36.1
R/Q [W] 133.7
G[W] 284
Eacc max 48.5
Diameter [mm] 66
Ep/Eacc 2.21
Hp/Eacc [Oe/MV/m] 37.6
R/Q [W] 126.8
G[W] 277
Eacc max 46.5
Diameter [mm] 61
Ep/Eacc 2.02
Hp/Eacc [Oe/MV/m] 35.6
R/Q [W] 138
G[w] 285
Eacc max 49.2




Eacc vs. Year

Eacc,max [MV/m]

ngh pressuer |
water rinsing

2"d Breakthrough!

Date [Year]




RF critical field analysis

Hcr [Oe]

RRMEXFHREPEE2010

3000 | ‘
‘ | B Hcr Nb Cornell
go00n-— — = Newshapes _g_IESSiLnGEQI;;:(EKsmgIe -
‘ 1 /A Reentrant single cell
4 Ichiro smgle cell
. .\\\\ """" """""""""""""" ]
B IR
1000 -.‘\\\ —————————————————— -
| | | "
500 | -
(Oe) 1750+ 150 X [1 t ] ””””””” I W ]
| N ]
0.2 0.4 0.6 0.8 1
t (=T/Tc)
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Single cell Study Summary

+ New cavity shapes with low Hp/Eacc made a breakthrough in high gradient
of 50MV/m.

+4 Proof of reproducibility was done.
4 Statistics shows IS shape is superior to TESLA shapes with high gradient.

4 Establishment of recipe is ongoing
Cavities prepared by KEK recipe

Mean=44.3MV/m, Sigma=6.9
20/6:2006
by R.S.Orr Mean=44.3
Sigma=6.9
Repeat Experiments Removed

{(Including 100K warmup)

5 8 L O O OO O U U S U OO SO IO |
_ T * EEErEEErEErere
o TESLAshape ||| " E| LLshape
> ' Eacc=35MV/m ||] ® F-| Eacc=44MV/m
% 3 4 A 1 5 F :
S [ N -+ =
N i E
5 =
E 2 1 3 F
Z | ] -
i { 2 F
1 =
[ / ] =
0 0
20 25 30 35 40 45 50 55 60 15 45 75 105 135 165 195 225 255 285 315 345 3.5 105 435 155 495 525 555 585

Eacc [MV/m] Ecc MVin



+EP(20um)+EP(3um, fresh, closed) +(HF*or No HF)+HPR+Baking

40 50 - 60 . 60
Eacc [MV/m]

o 10 20 30
Eacc[MV/m]

HF rinsing is no effective.

Light EP +EP(3) is effective for

both high gradient and narrow scatter.

Ave. Eacc=46.71+1.9MV/m
Scattering:4%, Acceptability@40MV/m(ACD):100%

| S#2 | S#3 | S#4 | S#6 IS#7 | CLG#1

+EP(20+3) | Eacc | 47.07 | 44.67* | 47.82 | 48.60% | 43.93% | 47.90*
+HF* Qo |1.06e10 | 0.98e10 | 0.78e10 | 0.80e10 | 1.17e10 | 1.0e10




Gradient Scatter vs. EP removal

4 w/o 3um
® w/ 3um KEK
B EP(20)+H202
¥  EP(20)+D
25 LA - L L L oy | - L L A
,-O\ I S S S A H S B
A i
S 20 po e
o :___!—:—"';j | Reduced by the 3um EP
E 57— f] with fresh acid
8 - || Reduced by the 3umEP | g
- L W'thfre?hac'd:,fifig
C 10F i T W -
QL B R NN ™ YIS S NS S S SO0 O S NSNS SO S B
O IO OURIRRS A RSN O SO 00t SUPIORE s NS SO0t SOt SO0 S SO0 OSSO BN O O
M GHL YT -
e L '— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
O IRRNE Rt SRR O S NS SODIORE S SRS DRSO SO OSSO SRR O RO
0

0 20 40 60 80 100 120
EP removal (um)
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Count

Count

Count

o -t N [ L a (=2} ~
T

o - N (2] £ (4] (=] ~
T T

Multipacting

EP 80um

N 6 (FE=1)

,,,,,,,, L,,,,‘,,,,L,,,J,,,,L,,,,!,

3 18 23 28 3
Eacc [MV/m]

EP 20um

Eacc [MV/m]

3 8 13 18 23 28 33 38 43 48

f B P00

‘ 23 ‘ 2‘8 ‘ 33
Eacc [MV/m]

EP(20um) + Degreasmg

Count

Count

o - N w -+ (4] » ~
T T imm—;

o - N w £ (4] » ~
TTT

EP 80+3um
' N= 6(No MP 1) f

EP(80+3)

3 8 13 18 23 28 33 38 43 48

Eacc [MV/m]

EP 20+3um N=6

18 23 28 33 38 43 48

8 13
Eacc [MV/m]
EP(zoum) +H0,
1 L L EP(20)+H202 1:: :j::::,::::::f::::,:::::f::::l::f::l::i
"""""""""" N=4 (No MP=1)

3 8 13 18 23 28 33 38 43 48
Eacc [MV/m]



END Group Study

We have to understand why so such different result happened between single and multi-cell .

9-Cell = %+ i% +/‘

| SE#1 | SE#2 | SE#3 | SE#4 | SE#5

Ichiro Cavity END Cell Redesigned END Cell

= 50MV/m ?!

S o==
SO fa r: Just HOM cylinder HOM
34.5MV/m  41MV/m 50MV/m 51MV/m 45MV/m
_ Y, _ U
Y V

Theoretical limitation : *~ 40MV/m Theoretical limitation ~ 50MV/m



New Ichiro
End cell

/

Just HOM
cylinder

Full HOM

ISEH#4

N

007/10/9 Tue.

CBP(126um)+CP(10um)+Annealing(3h, 750deg)
| +EP(80+3um)+D(H, 1h)+HPR(15min+15min+1h)@Nomura(9/2

(TOC=4ppb, Bacteria=0-1)+Bakin(48h, 120deg), Nb antenna
P S N S T e T M T MV M S M W'

10 20 30 40
Eacc [MV/m]

Suiseau8o

.'.'.'.Q
No-MP 1o
Eacc=50.6MV/m
Qo=1.66e10 @2K
[ % ‘ %
limited by quench
1 D(USA2%,1h)+HPR(15min., 22rpm, 22mm/min., 6MPa).
| |@KEK(0/5)
(TOC=104ppb, Bacteria=0)
Lt
0 10 20 30 40 50 60
Eacc [MV/m]
a'fte'r :;ro'ce'ssi'ng' '
X-ray >=10 MV/m
Hmiil....
Ll MP 7.5-19.5 MV/m (6 min)
[
2 Eacc=17.6 MV/m
r QFT2.61e9 @2K -
1 )
limited by FE g
No quench
(Pin=100mW) >
I m
RN o
-+
O

S)IOM ON

———+
V/m (4 min) ]

Radiation

(Pin=80mW)
Frr

larm, interlock(FE)

Eacc=33.2 MV/m
Qo=6.87e9 @2K

CBP(153um)+CP(10um)+Annealing(3h, 750deg)

(TOC=5ppb, Bacteria=1-0)+Bakin(48h, 120deg), Nb antenna

[ +EP(80+3um)+D(H, 1)+HPR(15min+15min+1h)@Nomura(9/20)

10 20 30 40
Eacc [MV/m]

50

60

New END Cell

New END cell itself has no problem !

Sulfur contamination

\

might remain
on the complicated
beam pipe.

+ Ethanol Rinsing

10

10

—

2007/11/13 Tue.
!
T

i
T
1T T
T
—t—t

T

after processing

X-ray >49 MV/m [ |

—t

4

[

e [

acc=51.7MV/m -

Qo=7.25¢9 @2K
[T

I s s
—————+

"'l"*ed by qdench

TOC=4-4ppb, Bacteria=0-0
L

|"EP(20+3)+Ethanol rinse(10min., r.temp.)
+D(2%, 1hr, 50C)+HPR(1hr, 6MPa, Nomurall/15)

Y Iy |

0 10 20 30 40 50 60
Eacc [MV/m]
e e e e EESSSs
MP=23~26MV/m, 38~40MV/m B |
total 10min. ;ﬂ;r p‘roéesxsin‘g '
[45)1 X-ray>40MV/m
v hd LI TTY . T
LI1] ® '.'.'.‘i. . >t
Eacc=40.2 MV/m
Q0=9.43e9 @2K
ey
limited by quench
[ EP(20+3)+Ethanol rinse(10min., r.temp.)
|—+D(2%, 1hr)+HPR(10+50min @KEK (11/21))
TOC=70-86ppb, Bacteria=0-0
I N N B B |
0 10 20 30 40 50 60

Eacc [MV/m]



Ethanol Rinsing @ DESY 9-cell

6
TUP77 EEmax: EP w/o ethanol
. EIEmax: EP with ethanol
5 D.Reschke and L.Lllje [DEmax: BCP ("EP+")
»
8 4
&
o
S 3
:. .
z 110 + Z111:
fabyigati pmﬁiﬁ
D L | L) L]

o B P P P P P D A
Gradient [MVim1

— EP w/o eth: <E

<E

>=(30+4) MV/m
>=(29 £ 3) MV/m

acc,max

acc,usable

= EP with eth: <E,. .,> = (32 +6) MV/m (w/o Z110)

< Eacc,usable> = (30 T 4) MV/m

= BCP (“EP+"): < E,oe max™ = (30 £ 2) MV/m (w/o Z111)
<E > = (29 + 2) MV/m

acc,usable

a0 o o

Isb

Ethanol rinsing is
effective!
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Basic Studies to Identify EP Residues
L That May Cause Field Emission

+ Two main types of particles captured during EP, | Cornell

— S and niobium-oxide
— Traces of Al also found with Auger, as expected due to Al cathode

« S particles dissolve in ethanol rinse but leave an imprint

* Oxide particles dissolve in HF rinse
— But did not dissolve in EP | Nb sulfide 1?

S-Particle

Typical S particles Deposited on _
Oxide Particle Nb Surface During EP After Ethanol Rinse




Mechanism of the scatter

During EP Scatter

Mlcron size

(\—Q doC EP time
S particle l

Nb surface

Sticking Sulfide Diffusion Particle Remained
S-particle process process remove Nb Sulfide

HPR Field Emission / Multipacting

\\m\ e

Q Q

During EP

Sub-micron size
Qo000 Remove

Sticking \Degreasmg
S-particle

Q MP 50%

Only strength of the rinsing method could not fix the scatter problem.
The flash EP would be important to make narrow scatter.



+EP(20um)+Degreasing+HPR+Baking

30
Eacc[MV/m]

Eacc [MV/m]

Ave. Eacc=51.2+1.4MV/m

Scattering:3%, Acceptability@40MV/m(ACD):100%

| S#2 IS#3 1S#4 |S#5 | S#6 |S#7 IS#8
+EP(20) Eacc 50.13 52.16
+Degreasing | Qo 7.80e9 | 7.08e9




ISE#5 tight loop test

ISE#5 tlght Ioop Meas 2008/4/12 Sat

1011

3rd i '''''''' ]
4th |

5th |

O 12th |

3rd 402 9439
4th  39.9 8.83¢9
9 | 5th 311
10 ""12th 451

+Bak|ng(120C*48hr horlzontal 9cell bed) | |
108 A SN U N N N NN N AN N S N SO NN SN N NN S N S S

0 10 20 30 40 50
Eacc [MV/m]

EP(20um)+flash EP(3pum) +Ethanol rinsing (10-20min.,
r.t.) +Degreasing(MICRO-90, 2%, 1hr, 50C) +HPR
+Baking(120C*48hrs)

11-13/May/2011 K.Saito BEAYEBRFRETES/—F 2011

ISEH#5

Full HOM

EE) Repeat 4 times
(VT 3rd~12th)
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High Q-slope problem with the end group

Center cell single Full end group single
[0 ) —— 10117””‘ — 025
‘N=3 | Eacc=47.2+1.4MV/m *
,mnm-m-..._, """""""""""""
1010 L 1080 L ,,,,,,,,,,,,,,,,,,,,,, ,,,,,, . “"”“-l’
Q E g ; s A ‘Ol —
o | 5 Qo]
O
R N
10° | 20° oo e Il -izis in
,,,,,, " QolSE#4|
* Qo ISE#5 .. |
+ Qo ISE#7 - 3 cavities
108 L 241 I I I N NS 108‘“‘i‘“‘i““i““%““i““io
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Eacc[MV/m] Eacc[MV/m]

Current best recipe for ICHIRO

CBP+CP+AN+EP(80um)+EP(20um)+flash EP(3um)
+Ethanol rinsing+Wiping+HPR+Bake

Q-slope issue remains.
»R&D for post EP cleaning
»new design, DDC.




Eacc ave.

Scatter in the Max Gradient so far

: 9 —————————————————————— .- |+ISE#4~ ————————— ISEHA

: - 1 I L i

i +EP(20+3)4 l | % ILC ACD
, s ] 3

I | : ISE#5 ]

ffffffffff L Epso+3)  EP(20)H.0, @

KEK-LL goal

I
17 _" sos_ £

2 4 6 8 10

RIRARRICITEIDLEEABE,




JIab Collaboration for

SO tight loop study
with Ichiro 9-cell cavity



Preliminary result of JLAB Accept test on the Ichiro#5

" ————————————————————————ry
i ® Qolch KEK
L A Qolch LAB Accept
: (Corrected by Lorentz detuning ty)
QO .MRRX'LO&”. “J‘
1010 |
109 F [} [] I
Preliminary !
10°
0 10 20 30 40 50

Eacc [MV/m]

- 7
9-Cell = %? + ZCenter Cell +£MIP = 50MV/m ?!

YTV
I

SO study @ JLAB by KEK/US collaboration

4 -
f ;
s 1964 &
B !
_J
1

19
200.24




USC~EP set-up Nov. 9~10th 2010

11-13/May/2011 K.Saito



EP process, 20um Nov. 11 2010

11-13/May/2011 K.Saito



Nov. 11,15t 2010

HPR

- B OpieTa  taa P

! . 1.‘ : r., ‘| ,\ _«:.f
‘ mnl% B ... e l\ C

~+ o~
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Assembly ~ bake out Nov. 15~20% 2010

11-13/May/2011 K.Saito




VT Nov. 24th 2010
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Result of the first cycle of SO Tight loop study @ Jlab

1011

ICHIRO5_17feb08_test4 (CW)

I ! ‘
® (CW meas. | |
4 pulse meas.

1010

10°

108

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —

g Eacc=36.5MV/m
%Dma.‘z. | Qo0=5.94e9 @2K

X-ray>20MV/m,
~(>1mRad/hr)

limited by FE

11-13/May/2011 K.Saito

\ i
10 20 30 40 50
Eacc [MV/m]
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KEK/Jlab SO-study on ICHIRO Full 9-cell in 2010

Step-II : full cavity Ichiro#7

Q 1] ‘\l' A. mu "\ * \&f ' “'. i .’ ‘N" Sal W/ end groups

2010 Feb. | March April May June July
H ﬁ
2weeks, 10weeks, Fumio
Fumio, rKenji 3 RF test (2 EP, 1 re-HPR)
1 RF test (baseline) Commissioning done for ICHIRO7
Aug. Sep. Oct. Nov. Dec. 2011 Jan.
e ﬁ
SSTIN @JlaH I13weeks, Fumllo
Fumio, Kenjj 3 RF test (1 EP, 1 re-HPR,

1 re-test w/0OSTs)
I I




ICHIRO#7 SO-study current summary

® Facc | |ICHIRO7 Eacc max at Pi-mode

50 T I T T ! T T T T ! T T T T ! T I I T ! I I T T ! I T T I ! T T I I | T I T T
: | : | : | : | ,:
[ / _
I ; | ; 5 ; re-HPR ,7 |
40 e S e TR
- | | | | | A 7
.—. i 3 ® “EP 3rd ]
S 30 o AR SERRRERAERRE A o AR m
S I | | | | ,’ EP 2n ]
b - | Jlab Baseline ., 7 Flatness degradation after EP+VT
(&) - | ‘ | L/ ‘ : )
% 0 . 7777777777 - , re-HPR pits oh an End-group
LL] - KEK A c -
: ; | ., | ontamination by degreaser
. | @ EP lst ; | : ]
- ® | 7 | | | | 1
10 L ”””” In seal melted trouble | | ]
O . | | | L i | | L | i | L | | i L | | | i | | | L i | | L | i | L | | i | | | | |

10 1 2 3 4 5 6 7
VT
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ICHIRO#7 VT after re-HPR at Jlab

Dec. 14th 2010

(1 — ‘
- 1 | 44 | E
EP3rdatJlab| i B B R
e re-HPR g@ Da%a """ 3 W0
| e 4iag %faﬁnﬁi ]
1 4
o 808008000 . a Hwate 3
. ":Ollcu 3.03‘2'3 .ﬁ.?‘ “ ; I? :
107 D - 100
: A o 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s ; o
Qo . Eacc=40.0MV/m =
S Q0=8.0e9 11 A
9 r 4 %E P | é
0 G LC-ACD
S A— 3% WS W S
4 4 ! ! ! ]
4, gnﬁ 414 §
—————————— A .
SRR @2K
“ | | | ]
0° - e e o001
0 10 20 30 40 50
Eacc[MV/m]
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Pass-band meas.

Dec. 14th 2010

re-HPR_Jlab 14Dec2010

50
40 -
= i
S 30 -
z I
O i
S 20 -
L i
10 -
)|

11-13/May/2011 K.Saito

i -mode max, 40MV/m

,,,,,,,

7of

9-cell are I|m|ted around 40MV/m

3 4 6 7 8

# of cell
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ICHIROY re-test w/ OSTs Jan. 11 2010

BEAMNOSTHEZTY ,

Image of cavity & OSTs



ICHIROY re-test w/ OSTs Jan. 15t 2010

guench

00 o P1-mode ]
| p-OSTLV

04 mRAmS pi-OST2-V' | |
0.3

feb) o

> e e

2 02

o SRR

> Y
0L ="%Yv '
0 -
-0.005 0

OSTs signal and Pt signal
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Quench location check from OST signals
= Jan. 19t 2010

Pi-mode

- "\ Cell#8

BT . KEK WG5
THLOSTHAMFEZ B
SOOI o 1=,
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Inspection after VT 2011 Jan. 28t

Cell#8, quench location of pi-mode

guench area at pi-mode other area
for comparison

11-13/May/2011 K.Saito HAMEXREFREDERZ/—F 2011 649



Quench location check from OST signals

Pass-band

8pi/9~5pi/9 mode indicated
similar area on Cell#9

11-13/May/2011 K.Saito 650




Inspection after VT 2011 Jan. 28t

Cell#9, quench location of 8pi/9~5pi/9 mode

No difference between quench area
and other area

11-13/May/2011 K.Saito RAMBAYREDES /— 2011 651
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Configuration : Superstructure

1038 mm 283 mm I 20% of the space is unusable for :
< > < > :acceleration.

e, C
~ AY

’ N

\

\ ! B \

- - - " = " - - \

1

] 1

9-cell structure T 9-cell structure

" . A :
'- Y ..._-.,.4...1..1..a,..'a..u...I-.v!-v*.'!'»'ﬁ""!"'i""!"'!‘H‘J
< Ak b ‘: e B S & 8 B . o

Darmstadt 20-cell 3GHz structures UNEXCITED CELLS FLANGE
SCA at HEPL

There are 2 limitations in number of cells per structure:
1.  Field unflatness ( ~ N*/k.,)

2. HOM trapping
The beam currents of this structure does not exceed 500 uA and is well below ILC current of 9.5 mA.

653
Conclusion: we could not go this way for ILC (TESLA 1999).



Idea of the Superstructure (SST)

These limitations could be relaxed by weakly coupled structures (superstructures), (JS, M. Ferrario, Ch. Tang,
PRST-AB, 1999).

SST layout: Two (or more) N-cell structures are coupled by 4/2 long tube (synchronization).
Each structure has its own cold tuner and HOM couplers.

A/2 interconnection Gain in
real estate gradient

Tuner Tuner Partial

control of FF Parlia/ control of FF

SRR NR AR AR AR AR AE N B AR AR AR AR N AN 4F 55
L

HOM couplers as for single structure Good
HOM damping

One FPC/(2N) cells

é Cost savings

Will the RF power flow via extremely weak coupling to keep
energy constant over a train of bunches ???
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Pioneer Study of the SST (2x7cell) in TESLA R&D at DESY

Courtesy Jacek Sekutowicz, DESY
The preparation of the experiment begun in 1999.

In 2002, two 2x7-cells SSTs were assembled in the cryomodule and installed next to the injector in the TTF
linac for the test.

Two 2x7-cell pairs for field profile adjustment and HOM measurements 655



Beam TEST of the STT(2x7Cell) at DESY

Direct measurements of the energy gain for the whole train

P, <200 kw
-
A >
63 MeV :
RF gun & capture Eight 9-cell cavities : BPMs
cavity l detuned 200 kHz I
_ I
M= J
)

T perstructures

\

|

|

|

|

|

|

|

/ !
15.5 MeV ./ m
|

AE/E measurements
accuracy: 2.5 3.5 -104 (rms)

Beam acceleration test was successfully performed at Eacc =15MV/m !
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Successful Beam acceleration by the SST (2x7cell) at DESY

530 us beam was on

@rUiTEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE >
1.1 E T T T T T T : I
. — probe 1
3 . — probe 2
1.05} 3 : — probe 3 L
—_ 3 . — probe 4
SST 1 £
- (o]
s 1F 3
=
7]
= . :
0.95[ : : -
0.9 ; 1 1 1 1 1 L : 1
700 800 900 1000 1100 1200 1300: 1400 1500
3 time [us] .
1.1 E T T T T T T : T
3 — probe 1
SST 2 . — probe 2
- 1.05F . . — probe 3 H
—_ H . — probe 4
£
S
A | =
k]
2 :
0.95 : : :
0.9 i 1 1 1 1 1 1 . 1
700 800 900 1000 1100 1200 1300° 1400 1500
time [us]

No voltage drop was observed.

This was the first hint that SSTs works!!
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DESY's Conclusion on the STT

DESY's Conclusions from the experiment

e The experiment showed that SST concept for acceleration works.

e The energy modulation AE/E =3.5 E-4 < the collider spec. AE/E =5 E-4, TESLA

e HOM damping is very good ( at least for 7-cell units)

But

Demountable

e Handling and preparation are more difficult. — > structure

e Subunits should be produced with tighter tolerances.



Combined Scheme for the ILC 1TeV Upgrade

Operation Real Gradient [MV/m] | Real Gradient [MV/m] | Real Gradient [MV/m]
Gradient 1x9cell 2x9cell SST 4x9cell SST
Eacc=31.5MV/m

] 24.7 26.4 (Eacc, eff=33.7) 28.2(Eacc,eff=35.9)
ILC Baseline
Eacc=36MV/m

28.2 30.2 (Eacc,eff=38.5) 32.1(Eacc,eff=41.0)

ILCACD

Eacc=40MV/m

31.4 33.6 (Eacc,eff=42.8) 35.8 (Eacc,eff=45.6)
ILC Upgrade

Tunnel length SHNERAIGEEPAR SN 31 (baseline)+21.5=52.5
for 1TeV [km] @ a1 o)z B s B0 Combined schem 42.8

Tunnel Input RF LL Control | Cryogenic load Gradient Cavity
Length Coupler Distribution Performance Fabrication
Tolerance
Number Number of Station Reduces ~6kW
Pros | shorter | reducesto parts reduce | reducesto | max.@2K
1/4 max. to1/4 max. | 1/4 max.
Power SST gradient is Becomes
Cons increases to limited by the lowest | tighter
4 times max. gradient cavity




Key Technologies for Superstructure & Ongoing R&D

R&D 1 : Super joint

To make SST handling easy, demountable structure is desirable. Super joint is
needed for it.

NbZr flange Il
NbZr flange | flang

Super joint
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Ongoing R&D on Super-Joint by P. Kneisel at JLab

Nb
Reactor grade

2.7 GHz cavity for testing of sc gaskets

Application of MO seal for Super-Joint, to be started soon at KEK
[ ]

SUS316L

Vacuum
side

jod

T
i Pinhole

\ .
Nock-pin

— Nb pipe
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R&D 2 : High Power Coupler

For 4x9cell SST, 2MW coupler is needed but it almost exists.

KEK STF 0.5 activity
P S e s o L waseow— Syccessfully demonstrated

_@qgj,gu. + == oo the high power performance
e I il up to 2MW!
e 0l0 6 el L
Cﬁ f:) E g :c_;mmwmuul.:

s 7 .. The specification: 500kW,
it SERRARE 1.5msec, 5Hz

L P i @ 45MV/m operation
T Scor ] ] Trig'd

PO TN PIIE-=| | Other tested power:
| “;-;“wlﬁ)_ ].I-Ilﬁltm_ Iul:u. I—ZIQHII\." Bl | 500-kW and 1-MW with
:l: i 1.5-msec, 5-pps for

‘ : . : : : f| | each 20 hours.
2-MW; 1.5-msec, 3-pps | - G
h tests:

£l 1) a prototype input coupler

RF WINDOW ; Lo ool : SRR reached a first goal for

(dllll'l-ﬂﬂl'ﬂ'ﬂb}ﬂ) - pobobediifis TRQRSMiSSION pwjar- RN ETENENMEMES)  power capability for ILC 45
. Y irm, \ € P*- } ! I | MV/m scheme.

_ v S— o " " ! bl 2) modular structure provide

o Bl good maintainability, if even

repair the broken parts,

s such as warm side rf

Rk window, which happened in
S S : M 1 coupler.

Chl 50.0mV - Chz Toomy M 200ps A Chl o 14.0my] 3) MO type rf flnrge pmvidgd

il
EEE ._30 Omy ”74 S0y l 015.00% . ‘ the good performance.

Successfully power loaded at 2MW, 1.5ms, 3pps.
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STF @ KEK
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BCD RF unit cartoon (cryo-plant region)

Pulse transformer

Multi-beam Klystron
Bouncer modulator

Two tunnel configuration

Rey.hori

- LLRF & instrumentation
RF distribution RF waveguides

cryomodules 664



Cryomodule R&D

- cryomodule meeting was held at CERN in Jan.16,17.

- CERN,DESY,FNAL,INFN,JLAB,KEK,SLAC meet together.

- TTF type llI+ --> TTF type IV (will be ILC proto-type).

- discussion & work share for ILC proto-type.

- SMTF was a core, however, become global design team gradually.

Type IV cryostat

8 cavities inside

TESLA shape cavity, Blade tuner? TTF Il input coupler



For
detail engineering design & cost estimation,

development of regional production ability,

ILC Main Linac R&D

are proceeded in several place.

(STF, SMTF(ILCTA), TTF)

Cryomodule R&D: Power source R&D:
Cavity system, Klystron,
Cryostat, Modulator,
Quad/BPM, WG distribution,

LLRF control,

*STF = ILC Main Linac R&D in KEK

11-13/May/2011 K.Saito
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Flanor sypercenduciing R kest Facllity (S 1)

bhase 1 PNC
(2005-2006) DC PS
PNC

P o d+.l| — new modulator ow

cryogenic

system | SMW w vnew SMW Kly ol

2K 20W lin: new
new UV Lase Rl 10MW
MB klystron

(ILC struc.)

270MeV
—{0 0 0ll0 © 0l[0 O O 700 Me¥

Be Hiagnostics Beam Diagnostics PNC
RFgun beam dump

new 12m (8 cavities) Cryomodule x 3
(TESLA shape 35MV/m)

200kV DC gun
of ERL develop

| \
new 5m Cryomodule hew 5Sm Cryomodule

(35MV/m 4 cavity) (45MV/m 4 cavity)
V3.0 Hitoshi Hayano, 12/02/2005
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STF

Infrastructure

EP: new EP(Electro chemical Polishing) facility to be built by March 2007.
Clean room: new clean room installation in March 2006.

Chemical treatment room
STF Building (west half)

30000

EP bed of ILC ‘

30000 /

uuuuu

E=L74vhsan

(30m

% EP Facilit

GeTFIzan

ATRESS
A N T A A S R R I e e

i

«a

N ISO Class 4 clean room

A%, 7
LEY
A

cryomodule assembly




Cry@genic compressor Control
ryogenic System OGI
m st)
New 10MW KI Mod.
Kly As(SKjg:EE ;é::t ;(pl a+s gotd:.avlty) (3eg¥°quu|ey)+ i
: 10m x 10m RFGun) O[]

|]|] u

10t crane

5m x15m asefg/foom n Gallery
ure
" ystem ed P.S
— n @P erd
system
cryomdgdule bessel -
Cryogenic PR AR
(hon AR.Ear i * Clean Room for
(from AR-East) Id bl
/f\ertical Test aswmbw o ass ?n?xszgnm| ms
rea

\/

Cryogenichiqugfiar Infra-structure for SC-RF production

oo [OT

Cavity Process (EP)
| & assemble Area
(clean rooms)

'For EP, Clean Robm

V6.0 H. Hayano, 1202/2005
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STF underground tunnel plane view

Beam Line in the tunnel

entraqgg hall

F-EALVIN

............

— : | - T
0) @ 3 © ) o @ 4
(S 12m (8 cavities) Cryomodule x 3




EP facility




STF 1 Modulator, 5SMW klystron plan&status

Reuse an old TH2104A 5MW klystron, driven by an existing PNC modulator
by adding a bouncer circuit and a new pulse transformer.
Mod: by Mitsubishi-Electric, Nichi-Con; Puls trans: by Nihon-Denji-Kogyo

Initial operation is scheduled in Jan. 2006 for testing the cavity input couplers.
Relocate this system later for running an RF-gun.

ystron & modulator

Coupler HP test setup

Pulse transformer
installation
was over.

" Klystron &Waveglide ready.
for modulater ready.




Cryomodule (1)

cryostat : 4-cavities cryostat,

fabrication 2006, operation 2006-2007,

study of system assembly, maintenability,
temperature performance, heat-loss,
shrink distortions, vibrations,

magnetic shield, component alignment,

cryostat : 8-cavities cryostat (ILC-type),
design 2006-2007, fabrication 2008-,operation 2009-
study of ILC system assembly, maintenability,
temperature performance, heat-loss, shrink distortions,

vibrations, magnetic shield, component alignment,

STF 2
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Cryomodule (2)

Cavity system : ILC-BCD cavity system,

for STF1: fabrication 2006, operation 2006-2007,
for STF2: design 2007, fabrication 2008, operation 2009-,
study of fabrication, surface treatment, system assembly,
gradient performance, Lorentz-force compensation,
microphonics, HOM dumping, BBA,tuner performance,

pick up antenna stiffening ring HOM coupler

input coupler performance,

HOM coupler power coupler
| 115, 4am ‘

Cavity system : ILC-ACD HG cavity system

for STF1: fabrication 2006, operation 2006-2007,
for STF2: design 2007, fabrication 2008, operation 2009-,
study of fabrication, surface treatment, system assembly,
gradient performance, Lorentz-force compensation,
microphonics, HOM dumping, BBA, tuner performance,
input coupler performance,

11-13/May/2011 K Saito EAMEALIRETHE/— 2011 T AN AN A A i




STF Phase 1 SC accelerator Plan

1200

STF Phase 1 Beam Line

RFload

Linear distribution Q (smwns
with circulator

D) RF load

0 |48
Hyprid Hybrd Hybrid
O 0 [+] RF load [~ RFload
AFload AF load AFload 0 [ 308 Hypria O | 308 Hybria
Valve Box circulator ¢ circulator circulator lirculator
3 > Beam Dump
DCHY RF load RF load F load RF load
supply
saiencia e
w ™ Beam Dump
Laser e pruue o
photo-cathode N P o 1o b iz Q-mag Q-mag i o
load-lock NG s fre— .

35MVIm Cavity 35MVWm Cavity 35MWm Cavity 35MWm Cavilym T 45MVfm Cavity  45MVW/m Cavity 45MVWm Cavity 456MVWm Cavity

EI'(\:aﬁ—\ubr;r = T - gr;;lrﬁr Q-mag Q-mag
Plain view Tree distribution
without circulator
21867
1905 s24. 288 2108 724 Adsh
DC gun .
HV cryostat connection
slide open
DCgun [ : :—: upstream cryostat ‘,—: | - | ;_: cownstream cryostat ;_“ - | Beam Dump
ﬂ:;;.?;%?ho* gmm‘n — i | G‘l?w;na:jm| EEEEEEE GRP downstrean ‘ v . “ﬁ __n_,,__, . fava PR -
——
— e s ﬁ
= == B

Side view e vas




Cryomodule : Detail Cryostat Design done

(by Hitachi)

To Valve Box Two cryostat connection,

4 cavities in one cryostat.
—a @ i |~~~ —|

Sliding Bracket Fined Sracket

Weld connection

F ¥ 2 % B 2 ¥ i = % 5
(':‘ T -- = se e i = R, 1 g E.’g = P T T e ET W el ....
R I A A = TOprrfor . = (P [ o
=S O O M T |
13156
1 1

35MV/m TESLA style cavities (4)

pick up antenna  stiffeniing ring HOM coupler

Fabrication was started.
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WPM(Wire Position Monitor) study started

WPM installation position

caldmms uppart midmms muppart cld mms ;uppart cid mms ;upparl

3 70 . 2% & g 2% o 270 "
] [ [
! cub ke — e e ~etile '_'II e et g p—
1 [ [ |L|-—§ E E Ll—g
140MHz CW RF on wire; WPM: GRP 5+5=10
Electronics development, CavityJacket 2x4 +2x4=16
Resolution test. etc. total 28 ( coax-cable 4 X 28 = 112)

H Meyem 11172003

Proto-type of stripline WPM
detector WPM calibration test bed




Cryostat Design detall

Description OD (mm) At (mm) Notes
STF TESLA STF TESLA
Vacuum vessel 965.2 965.2 12.0 9.52 carbon steel
2 K gas return 318.5 300 103 8 SuUSs
2 K two-phase supply 76.3 89.1 2.1 Tior SUS
Cool down / warm up 272 422 1.65 1.65 SuUs
5 K shield supply 30.0 60.3 4.0 2.77 A1050
5 K shield return 30.0 60.0 4.0 5 A1050
90 K shield supply 30.0 60.3 4.0 2.77 A1050
90 K shield return 30.0 60.0 4.0 5 A1050

KEK cryomodule cross-section
for 35MV/m cavitie

Cold Box
L

.P. Line
GHe 4;‘,32 LN2
PUMP

1
|

i

Cryostat B

KEK cryomodule cross-section
for 45MV/m cavities




STF Baseline Cavity

Reoptimization of cell shape Cell taper
10 deg. (13 deg.) Beam Tube
- < ~ I »84 (¢78)
Y Y I YT TY Y N
f@ - g |83 g /\
Y A\j&ﬂ &AAA/A\ J Ok
— A =z ~~ Input Port
STF Baseline Cavity (TESLA Cavity) $60 (¢40)
Cavity Length 1259 mm 1256 mm
Esp / Eacc 2.17 1.98
Hsp / Eacc 41.0 Oe/MV/m 42.6 Oe/MV/m
R/Q 1016 Q2 1036 Q2
Geometrical Factor 277 Q 271 Q
Cell-to-cell Coupling 2.0% 1.9%
Stiffness of Cavity
Fixing Support 90 kN/mm ~13 kN/mm
Lorentz Detuning -480 Hz -720 Hz (31.5 MV/m)

11-13/May/2011 K.Saito

HAMBXFRESRESE/—F 2011
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35MV/m TESLA style Baseline Cavity

Motor drive shaft

Guide slider (G10)

Slide Jack

Piezo element

The 1st cavity was delivered in Nov. 2005. CBP & 1st EP(100um) done.
Pre-tuning done(98% field flatness). Now under HOM studly.
2nd EP is scheduled in end of Jan. 2006, then vertical test.
Tuner & jacket will be in Feb. 2006.
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35MV/m STF Baseline Cavity Program

(by Mitsubishi Heavy Industry)

Dumbbell & end group Ti Jacket end plates End cell & end group

Baséline cavity o.i:
Setting to CBP(Centrifugal Barrel Polishing).

Baseline cavity No.1:
After CBP and 1st EP(Electro-chemical Polishing).




HOM study of Baseline Cavity

Design&test of Modified HOM coupler. Polarization measurement by bead.

- Short height HOM coupler.
Improved coupling at 4.5GHz region

e j<— New feature than TTF HOM

@

Calculation example

%

1.3GHz

$‘ — HOM network a er measWli

4.5GHz




STF Baseline Cavity Input coupler

(by Toshiba & MHI)

Improved input coupler design for simplicity & reduced cost (no tuning)

(661) ? .

Cold window _
A= ‘ Beam pipe

= =9/ ? |
ml m. SIS — = F:-'::?::J‘ 1_c| y -
=t I w0 = = < o 28 ] /
b 2_; t}; | | = KEPL: ;JVB, R=Y o @' r'J /
— - 1
dll 4 Xi | o/ |
Door-knob i ] 7 .
conversion 4K cooling here

80K coolina here

Piat | : S Malrix Data 10.0

T T T T
Input Coupler
150 . ]
@ -200 -
=
= 250 ] ! 1
|
; :: 300 \ ! X
g = 50
“ 400
45.0
((((( L 1 ] Il
54 86 88 9 92 94 96 98 10
= " ; q N o] -
Frequecy Gra) Rel. Permittivity [ €]

€*=9.2 Sl11(1.3GHz) = -26.2 dB, Af (-20dB) = 55 MHz

All the parts were fabricated for the 1st coupler.
Delivery is scheduled in Feb. 2006.




,'.,’,_‘: KEK TESLA-type: 3rd Alternative Rinse
| Vertical Test Results, #2 Cavity

H . th L nd . .
#2 Cavity ; 4t and 5t Test s 4aﬁ 21 Barrel Polishing
+ EP 20um, H,0, Rinse 1h, : |

30 |-

by l'tirll S Ss10n '
SR SR

]
: z
Hot Rinse 1h, HPR 16h £ 2
7 1
—l— #2 Cavity 4th Qo —{}— #2 Cavity 4th x-ray g
—t— #2 Cavity 5th Geo — e #2 Cavity S5th x-ray = 15
3
-

N .

Cell No.

#2 Cav. 5t
#2 Cawity : 20 4 MV/m

[yagui] Avi-x

: - ¥ = : H : H

' :

: e :

] \ ¢
..._q_.-.-......-._.-..-...J.‘._.-........___'... ..../...;._..-...._..;.__-....--...

1 | gy B | - 1 |

Face of each ccll [MV/m|

= R _0.01
0 5 10 15 20 25 30 35

Eacc [MV/m]

TTC Meeting at FNAL Cell No.
E. Kako (KEK) 2007. Apr. 25 15



| Vertical Test Results, Eacc of cells
Before (total~250 um), after 2"d BP (total~500 um)

| B [Initial Barrel 3 cavities X 9 cells = 27 cells
Bl Second Barrel final 4 cavities x 9 cells = 36 cells
10 el I L U T T T T T T T T T 1
#1 Cavity-#3cell | | i ' | Othercellsare = @ | |
#3 Cavity - #5 cell -1} >25MV/m
_ 8 184 Cavity =81 sall |y gy e i
o ———
e : \
e : : .
=TT T S S — (NI, 0 [N WIS SO O WU W RO U TR SO _— - -
— i : \ H
3 s | .
£ before § @
= SR R IS S S — R T I o S SRR -
< AR B
2 Lol it :
0 L_i l L

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Eacc of cell [MV/m]

TTC Meeting at FNAL
E. Kako (KEK) 2007. Apr. 25 16
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Coupling Waveguides

Components for
High Power Test Stand

Input Couplers | Doorknobs
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1710 52944

cathode Ay " solenoid
™ / upstream
Plan of DC-gun een, i
Padiook i

Existing photo-cathode DC gun

1200

11-13/May/2011 K.Saito

Example of Laser development at TTF

OPCPA system

‘hfee‘cryslm grahng T = 150 fs (FWHM)
Ti:Sa oscillator grating strelcher OPA e " ’5(1)”1H0f "
TS$100fs t=15ps r
Pazo ,_‘ /
e | s G> 5000 output
Py gooe pulse trains
Y picosecond p 5n 800 us long,
Bl synchronized 1=12ps output chan A=790.
master chock Nd:YLF Burst-Mode laser (FWHM) pulse trains 80{) g.ir. 830 nm
I 100y pumping the OPA

2 =523 nm

I. Will, H. Redlin, MBI Berlin

» OPCPA system generates trains of pico- or
femto-second pulses
t=150fs .. 20 ps (FWHM)
» Pulse energy: E,.,=50...100 uJ
E,.. = up to 80 mJ

P Available wavelength: A =790...830 nm

up to 900 us

Output pulse train




STF 1 Modulator, 5MW klystron plan&status cont.

LLRF control,

modified from J-PARC LLRF,
is under design.

»’I_Bale

Digital

ona
3]

Overall test with cavity simulator in May 2006.

FPGA board

Slot 1«

CPU  ACP-
PentiumlM/1.6GHz«

128-1- Ethemnet 1

—> EPICS LAN«

Ethernet 2| €—> PLC LAN+

COM 1

Display/Key-Board/Mouse ——>

CPUResei_.i

CTRL IYO.

| controt|] €«—> pLC D1, DrOV
Trig/Gate| €——— NIM/Timing+

Serial| €—> PLC PC Link 1+

~ | «—— Tank1 Voo

€———Tank2 Voo
€——— Tank1 Pfv
€——— Tank2 Pfe

L > 324MHzRF

RF&CLK
Mixer&l/Q

RF & CLK:«

DSP/FPGA

324 MHz .

| I/O ||_| ~—1312MHz.

N——{48 MHz CLK ,
Slot 5«

Analog

5] <—
r-

12MHz .
48 MHz ,
312MHz.
324 MHz.

Qutput

<€— 12 MHz CLK¢
——> 12 MHz CLK+
——> 43 MHz CLK+
——> 312 MHz CLK
——> 324 MHz RF+

Existing J-PARC

LLRF

Bought a 5SMW Klystron
from Thales (TH2104C),
and Build one more modulator

for running the cavities (in 2006).

€—> PLC PC Link 2«

TH2104C 5MW Kklystron

688



Follow BCD

Power source
Klystron : 10MW Multi-beam klystron,

Modulator : bouncer modulator + pulse trans,

( Possible Alternative: Marx-generator type modulator)

LLRF : FPGA-base,

Wave-guide : linear distribution,
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Delayed 3 year!

STF long-term Plan

H. Hayano 12022005

BCD RDR <-TDR -
2005 2006 2007 2008 2009
4 8 12 1 4 8 12 1 4 8 12 1 4 8 121 4 8 12
cool down end of Phasef
270MeV beam ON
[Design Fabrication ‘ operation | 4 + 4 cavity cryomodule
Fabrication replace&test of ILC cavity 9-cell 8 cavities
- St [ Fabrication for dmy eryo | operation for STF phase1 Cryogenic System
Q
7]
2 [Fabrication nstallftegt for coupler test]
o ol mci!e.s [ Design [ Fabrication operation Modulator, 5SMW klystron, WG, RF control
|
[ Design [Fabricationln operation e-source, beamline, acc. system
| Design oh Install| clean-room for string buildup
[ Research & Design | Fabrication |$ cl. process facilities (EP, CP, HPR etc)
clean-room upgrade] Fabrication [ Install | operation |
N
O STF EP facilitiy, etc | commissioning operation operation |
8 ILC cavity single-cell [ Fabrication |
o
(a8
ILC cryomodules [ Design | Document il on Fabrication
permission permission 3 cryostats, 24 cavities Final
process receive inspection
start
Cryogenic System|[ Design | Document _n Fabrication | test m operation |
Mod. & 10MW MBK | Design] Fabrication m operation |
T
tunnel access hall[_ Design Construction | cool down

* Phase 2 Schedule was changed( 1 year delay).

1
700MeV beam ON



