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LC
C.M. Energy 500 GeV - :
Peak luminosity 1.5 x1034 cm?s™! . 2
Beam Rep. rate S5 Hz
Pulse duration 0.73 ms
Average current 5.8 MA (in pulse)

Av. field gradient 31.5 MV/m +-20%

Q,=1E10
# 9-cell cavity 16,024 (x 1.1 )\
#cryomodule /1,855 |
# Klystron // 400 High quality
16024 x 1.1(BFEY = 90%%{RE)
~ 17600 ADZEREENLE




KEKIZ& 1+ 525;F & & il 2% (Cavity Fabrication Facility / CFF)
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Clean room floor layout of CFF
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Beam current (mA)
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Pumping time (~30 min.) and cooling time

(~30 min.) are duplicated in EBW processes. [w (’ 'Y P
e- gun - : ) V!

on side
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Proto-type of four-dumbbell loader
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Six-cavity
revolver fixture

Proto-type of
revolver fixture
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HOMAw T O 558 R R Y BLIE R

IVRTIL—TDEGRIETRNEHTHSHT=D.
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SeiEiE: 1EDFRYMI(7=——)L#&L)

Nb sheet thickness: 2.8 mm
Trial to fabricate the freq.

Achieved 70 mm
by single forming
tuning tab by press-forming.

_ (S (Under study) 2
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it 3% Machining

Jcifei% . Water-jet cutting

= [

Press-forming

Result of low
power test is OK.
(Master thesis by F.
Yasuda, Jan. 2013,
the university of
Tokyo, JAPAN)
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Qo pi-mode initial [1.62-1.83K] O X-ray pi-initial
Qo pi-mode final [1.0-1.58K] O  X-ray pi-final
Qo pi-mode [4.2K] O X-ray pi-4.2K
ILC spec.

KEK No.01 1st. Vertical Test 05/01/2014
EP-TI(20pum), Water flow(1.5hrs), FM_20 2% (50C,15min),

e
 Qo=4.89%10/8

Posl66W T He Temp.=1.52K .

Baking(140C, 44hrs), H.P.R.(~5hrs) o

Initial rise: 37.0 MV/m, Q0 =6.0x 10°
- Final rise: 35.9 MV/m, Q0 = 6.1 x 10°

104

1000

| Initial; Quench/Selfpulse
g Faee, max=37.0MVim E
O Qo=5.95%10/9 ]
TToyTTTT Pe=243W T i
! Ot=1.78%10/11 4
O 3 He pres.=1.90kPa
: momniior He Temp.=1.83K i

[
=
=

o
=4

-Final; Quench o
---Eacemax=359MV/im -]
- J0=6.05%10/A9 e
Po=225W . 11
Qt=1.73*10/11 E
-...He pres.=0.58kPa ... ]

| . | i 0.1

10 20 30 40 50
Eacc [MV/m]
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He in-between the Ti-jacket
and Nb cavity

=l

BACHREGENRFLERT LI5S ECOBGEERIEEHADSEH R EIZLEN
LTRETIDENDHD,

For cavities by venders, For cavity KEK-03 in CFF,
Manufacturer: KEK Manufacturer: KEK
Applicant: venders Applicant: KEK/CFF

ILCEFHAKIZEZRTHIEE. HYMOZE RIS EMSEATNS, KEK/ICFFIX. Zh
SDHNEDZERELEA—H—IZH LT BAOFEH REICENLE-ZREES FE
HAR T BH%EZNFES,
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[BGAMEBE LT ETRESNT-BIEEMNRZERD
MEEEET | EHIK ¥ (KEK)#t. WEOMO4. 8B 4H
(R)YDEYi I,

Cavity Name mn Fabrication Method View Point, Object

Large High Press Forming & EBW Large Grain Nb
R-2 Fine High Press Forming & EBW Baseline (Reference Cavity)
W-1 Fine High Hydroforming Hydroforming
R-4 Fine High Press Forming & EBW Different Nb supplier
R-5 Large Low Press Forming & EBW Low RRR and Large Grain Nb, Different Nb supplier

KEKTIZ. Nb#$0o8EHEEHFRIZTIRLT. NbZROHEQR N EHIRK T D=0 DR ET-T
WB, cNDTHEDT=HIZ. SEDEEILZERECFFIZEWNTREREL. HRERAIEZHIT TS,
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- IREDRENTERELEXRI “EEBEREVE (HEP) &,

Bz (EP) AL (X, ILCIZHIFTR9t/LERDO=ERNEL
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i N E ALEE - B AR EE (Electro—Polishing/EP)

LTI

(

" _Electro-Chemical Polish

Use Sulfuric acid + HF mixture
ApPply voltage
7. W between center AFelectrode and Nb
= cavity
v Qptimize parameter for smooth surface
i Awithout-sulfur residual particle

Successive rinsing is another keyorey.Hori
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STF/KEK®D E iz 1/ EZ (EP)
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KEKD Ef##TEE (EP) 5%
EP acid: HF + H,SO, 7ILZ=r) L2,
BEEAE—F: 20pum/hour, V ~18V, | ~270A, T ~30degC (for 9-cellZE ),
22;R Bl EREE: 1 rpm.



&% EP (HEP)

&R BRI EE (HEP) TIXZE R A A ER
(HEP setup t KEK-STF)
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ft% EP (VEP)

HEE E AR BEE (VEP) TIEZERIXEE.
DFYEIERFEL.(VEP setup at Saclay)
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s fZ0fF B2 (HEP) / #t 2 EEE T EE (VEP)

- FEEEHDEE (Horizontal EP / HEP)
Asia: KEK, Nomura Plating Co. Ltd.
Europe: DESY, Saclay, RI, Zanon
US: FNAL, ANL, Jlab, AES

- HtEEHEBHEE (Vertical EP / VEP)
Asia: KEK, Marui Galvanizing Co. Ltd.
Europe: Saclay
US: Cornell, JLab

-

Vertical electro-polishing (VEP)

-No need of large space A

-No need of cavity rotation
-No need of horizontal-vertical
conversion system

>~ More suitable for mass production

N
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hydrogen gas and for low temperature. uniform flow of electrolyte and uniform

[EP electrolyte is circulated to remove ] The retractable-wing cathode to realize
distribution of electric current.

K -
Flow direction / H -Side View H \

Rotation < |] > U

of cathode

! - .
g iilé *Top View
K&E0A : o)
gl —(—
3 DA

N\
k *Opened -Retractecj
>

TILLEEIE. COBKREHRIRDIZEET = P v[Z48 | Ninja cathode | &ai 4
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Spot Cooler

VEP Setu

T
¥ 4
1

p for 1 Cell

Pump 2

Acid Container

Heat Exchanger

VEP Setup for 9 Cell

Schematic view

of VEP setup
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The coupon cavity contains 6 Nb disk type coupon at
beam pipes, irises and equator.

The coupons were set to be electrically isolated from
the cavity.

The isolation allowed us to measure coupon current
from individual coupon.

The cavity is having 4 view ports also on the top iris,
bottom iris and equator for light introduction and in-
situ observation of wings and H, bubbles.

Coupon position by red arrow
/EP solution: HZSO4(98%):HF(55%)=QD y
Voltage: 9V

Flow rate: SL/min & BT Nbo—~>
Cathode rotation speed: 5rpm IIH?&*’ 2__"%_—5] & HT)L
EP duration: 90min BRI =Y &

BoEMTES, -

Flow direction: Bottom to top

\ VEP condition (an example) /
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Just after a
Before VEP wing passed Rod cathode

500 um
— 10 mm
Top Beam : . Bottom Beam
Pipe Top Iris Equator Bottom lris Pipe
N
I
N
J
A
R
D ol Y

« Thetop s urfac always foud rougher than other psmons of th avity.
« The rod cathode enhanced surface roughness at the top iris and equator. 25
« The bubbles attack the surface microscopically and make rough surface.
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* “Vertical Electropolishing of Nb Coupon Cavity
and Surface Study of the Coupon Samples”, V.
Chouhan (Marui Galvanizing Co. Ltd.) et al.,
THPPQ098, Linear Accelerator Conference 2014
(LINAC14) at Geneva, Switzerland.
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Vertica

BCP (100 um) at Cornell university

P (VEP) Ot IR & #

2014FRIZ, 1RDTESLAE 9t )L ZERHAKEK
Mia—2)LKZE(F. Furuta and G.
Hoffstaetter) N\VEPZEEZ D 1= [ZiE 5T =,
VEPERD TEEZIToTLVS,

Bulk BCP (total 100 um, flipped cavity after
50 um etch) was done at Cornell university
for the surface preparation before VEP
experiments.

« BCP acid solution;
HNO3:HF:H3PO4=1:1:2.

« Removal rate ~1um/min.

* DIW cooling shower for outside surface.

» Kept temp. 15degC during process.

Degassing/annealing at 800 °C for 2 hours
followed.

INTE. OLILERIIVEPEERDFHRREIZH S,



FBEREEDELVERMEZDRZRE / FFHEER +KEK

INLRABEDINTGA—4

i

/ AC 200V rectangular wave )
Normal : ~+40 A

10 ms - 99.9 ms
Reverse : ~-100 A

\ 0.1 ms - 2.0 ms /

Nb coupon
55 %
Electric current(é)) f{‘ 45
supplier
o
BEBEEHOLEVERME LTI, BE stirrer

ELTEBEDTSAFYIEBBMERS
F~ORELZARMNM HUHEAFTES,
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AT EE R +KEK

I EEEE® : 10% H,S0,
T, anodic
\ . S
Ianodic I
T
Icathodic
v
“
T cathodic
INILRABFEDING A—E—
T, anodic 10 ms |/ anodic +O6 A
T cathodic 2ms|/ cathodic 24 A
Reference
E.J. Taylor et al., Proceedings of SRF2011, Chicago, IL
USA, p377-381. . . IR LD/INILREE ﬁarﬁﬁﬁ'

E.J.Taylor et al., Journal of The Electrochemical Society, _
160 (9) E94-E98 (2013). A=A T LT
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ZERERODIER / FFATIEE T +KEK

[ H,50, \ / NaOH \
i | Surface :

Surface
roughness roughness
Ry=2.1 um Ry=1.5 um
T=200 T= 500

Conc. Conc.
10% 10%

/

I anodic 10 ms |/ anodic +0.0 A I anodic 10 ms Ianodic 10.0 A
T

cathodic 2 ms ]cathodic 24 A T cathodic 2 ms [cathodic 24 A

M. Umehara (Nomura Plating Co. Ltd.) et al., THPP107,
Proc. of LINAC14, September 2014, Geneva, Switzerland.




Estimation of cavity production plant KEK-MHI
Simulation study assuming CFF housing area (53m x 30m)
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]{*Sbsvming Nbdplates for :‘te”, - Max. production rate will be ~530 cavities/year,
abricated end-group parts are input, - "
200 working days/year, 2 shifts/day 2650 cavities for Syears. 31

with 30 people times 2 shifts Assuming that final treatment and vertical test will be done in other place.
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