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Introduction

Now EP is applied on many projects
as high reliable surface preparation.

It allows us to focus on other issues
of cavity production.

We could find many progress on
EP’ed cavity production.

Recent achievement is
established not only by EP,
but also with all other efforts
on cavity production steps.
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Cavity production
 Fabrication
*material
EBW
« Surface preparation
* Bulk removal
 BCP
*EP
- CBP
» Degassing
* Light removal
 Baking
* Assembly
* Test
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Orientation

Facility

Horizontal EP

Asia: KEK STF
Euro: DESY, ZANON, RI

US:

FNAL/ANL, Jlab

Vertical EP

Asia: KEK/Marui
Euro: Saclay

US:

Cornell, Jlab
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modified to fit ILC cavity
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Presented by H. Hayano (KEK),
cavity group meeting, 2012
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1,00E+11 | e Cornell ERL, 1.3GHz, 1.8K
Cornell ERL AKEK ERL, 1.3GHz, 2K
Bulk BCP + light BCP W XFEL, 1.3GHz, 2K
< ILC BL, 1.3GHz, 2K
\ +ILC ACD, 1.3GHz, 2K
+Jlab Upgrade, 1.5GHz, 2.07K
Qo
1,00E+10 A .
//;7 - 4
K
~ \
KEK cERL Jlab upgrade XFEL ILC, BCD& ACD

Bulk EP + light EP

1,00E+09

Bulk BCP + light EP

Bulk EP + light EP/BCP | Bulk EP + light EP

0 10

T,
STaBlY) Comell Labaratory for
0 celerator-based Sciences

R and Education (CLASSE) 201 3924 F Fu ruta

20

Eacc [MV/m]

30 40 50



Project AL Degass!ngl Light 120C Bake *Rinse
removal | Annealing | removal
ILC EP
EP 800C*2hrs £p 120C*48hrs USC

XFEL BCP HPR

Jlab * *

12GeV 600C*10hrs EP 120C*24hrs

BCP

C°E“I§I'_' 650C*4days | BCP |120C*48hrs| HF rinse
On going CBP. High temp Ar bake HF rinse

R&Ds VEP process VEP (145C*3hrs) Eth:::;
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2nd pass yield - established vendors, standard process

¢>28MV/myield  >35MV/m yield
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test date (#cavities)

A. Yamamoto, May 17, 2013 IPAC'13 Acc. Technology

Progress in SCRF Cavity Gradient

Production yield:
94 % at > 28 MV/m,

Average gradient:
37.1 MV/m

reached (2012)

75

Presented by A. Yamamoto, IPAC13

201

perconductivity



I

Jlab 12GeV, C100 SRF cavities /! sz

C100: string of 8 7-cell cavities, 1497 MHz, produced by RI (Research Instruments)
80 cavities + 8 pre-production tested and assembled at JLAB
18-step qualification process

EP derived from ILC R&D
1 ;l.w.m.m..mm-bh’}

Bulk BCP + light EP
The cavity tests are performed at x

. 11 T=2.07K
the Vertical Test Area (VTA) | T b
Design gradient: 19.2 MV/m averad*=*° 7 3 T P P o0 :
[ T P Tr e
Average heat/cavity: 29 W o [ *cetcuoonion —=
—— 4 Cav 2 C100-RI-031
Operational limit: 25 MV/m | Cov3 croomon \
o | | e BORAS CEBAF upgrade cavity
(limited by the klystron RF power B iamerin specifcation _
and possibly field emission Ml e s L e
possibly ) cos crovans Q is BCS-limited
16409 | | | |
0 5 10 15 20 25 30 35
E... (MV/m)
Presented by F. Pilat, TTC2012, Jlab
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Maximum Gradient Achieved (MV/m)
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Jefferson Lab 12 GeV C100 Cavity Final E,,

HOM Problem
Field Flatness Cat Eye Defect
m .
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Cavity ID

Presented by Fulvia Pilat, TTC2012, Jlab
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European
XFPEEL Performance of RCVs after treatment at DESY

4 RCVs of Rl and 4 RCVs of E. Zanon: acceptance test successful

4107 | | | |

: XFEL reference cavities Q_(E_ )
R e S |

] = , .

] ¥ ey Sl Bulk EP + light EP: n=4
S i e P vt Bulk EP + light BCP: n=4
X 1 - T, A ) = = 3 ) .
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O ] —a— CAVO0001
—e— CAV00002
_— —&— CAV00003 W~
10 —v— CAV00004 * -‘{Y~
1 —e— CAVO0500 AFEL design value
—e— CAV00502 .
CAV00503 Presented by W. Singer,

] CAV00506 ECFA LC2013, DESY
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Industrial Cawvity Fabrication and Treatment. ECFA LC 13, AC4, May 28, 2013. Waldemar Singer fw;? : g":’l-rlr'::}'r"-“
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Status of Cavity Production

Ewropean | PEFfOrmance (status 24.05.13): E,.. at Qo=1x10"° (or
XFEL max Eacc for curves with Qo>1x10"9)

mES; Best RF data EZ; after HPREDESY [ RI; Best RF data
Eacc @ QO=1x10" [MV/m]

35

Bulk EP + light EP :n=1
Bulk EP + light BCP :n=28
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Presented by W. Singer, ECFA LC2013, DESY
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1,00E+11 | |
e ERL7-4
A ERL7-3
o ERL7-2

Sd R R g R ¢ ERL7-1

Qo i) M@% *4%

1,00E+10

Bulk BCP + light BCP

1.8K meas.
1,00E+09 i i i
0 5 10 15 20 25 30
Eacc [MV/m]

;‘ITJ Comell Laboratory for i
WY mramanss 2013.9.24 F. Furuta 20 e




Recent Results of V.T.

Vertlcal Test Results of MHI/PHT Cav1ty at STF i Summary of Maximum Accelerating Gradient

50

1.0E+11
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| emHI-13 |-
Q0 RS
| | Anies |
OMHI-16 | !
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1.OE+09 Ex| OMHI-18
-] ©MHI-19
(-] OMHI-20 [-4
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0 .% llﬂ 1I5 Zgacc [jZ‘ISlV/ n;}} 3I5 4Iﬂ 4I5 S50
& Eight cavities for STF-2 reached above 35 MV/m.
&€ HIT-02 reached around 41 MV/m.
€ MHI-C reached around 36 MV/m.

Presented by Kirk Yamamoto
P LCC cavity Group Meeting 16/Apr/2013 it
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ERL 2cell Cavity #2 5th. V.T. Mar.06, 2012
[With Five HOM Pickup Antennas; Type-Ilimale pin)]
EP-II(5pm), Water flow(1.5hrs), FM_20 2% (50C,30min),
101 HPR(8MPa, ~6hrs), Dry overnight in HPR room

® Qo pi-mode [1.79-2.00K] | -

10° - T M ———
-Power Limit
“Freq.=1299.470MHz 7
....... Eace,max=50.4NMV/m
. Qo=341%10A0 A
Po=194W i
TQE=3.96710411 E
]

OO He pres=3.16kPa
00 He Temp.=2.00K

10° ; é é é 5 10.1
0 10 20 30 40 50 60

Eacc [MV/m]

Presented by K. Watanabe (KEK) May/2012

s 2013.9.24 F. Furuta




k(| SRIF201
KEK, ERL 9-cells

Two 9-cell cavities were fabricated for cERL and vertical tests were by K. Umemori
performed two times for each cavity. (followings are results for 2nd tests)

1e+011 ¢ . ; : : : 1e+006
ERL 9-cell #3 cavity | E;&;—gsgjgj(;g(gﬁgh o {10000 E
[ o i 10000 4
. - 0 >
* Field reached to 25 MV/m s 16010 :_.ou(uu-..uuug... oon ; 1830 8
* No limitation up to 25 MV/m : 0 1o €
* Q> 1e10@15MV/m | o Ih B
Satisfied cERL specification 1 - e
*X-ray onset around 14 MV/m Eacc [MV/m]
. 1e+011 . . : " . ; 1e+006
ERL 9-cell #4 cavity radiaton dose (1 2n) & | 100000 E
] 10000 3
*Field reached to 25 MV/m =~ |ee09e9%00eessessneeeqe,, |00 3
* No limitation up to 25 MV/m"~ jro ¢
110 w
Q> 1el0@15MV/m . © 1 5
*Satisfied cERL specification 16+009 - - - : - 101
0 5 10 15 20 25 30
*X-ray onset around 22 MV/m Eace MV

. Presented by E. Kako (KEK), TTC meeting 2012, Jlab .
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Hlk PKU Large grain 9-cell cavities: PKU4

PKU/KEK collaboration

: aha ® Test01 at KEK
- " ' » EP 120 um, HT 750 °C 3 hr
v, - i) N = = “ - “ -'“ -"“'-ul#i I“—“Lﬁ-—‘ = EP 5‘ m, bakll'lg 140 2C 48 hr
» Eatc 238 MV/m,
i Qy=6.9E9@Emax

® Test02 at KEK, after local gnnding

PRLU MNouddi Large Grain: TESLA Shape) 2nd. YVertical Test 047252013
lmn] Grlnding, EP-TT 20p0m ), Water flowi1.5hrs),

I““ I 'LI ! | e L iﬂli I‘dlmlnl H. !-"R.i-u'."lnw, Ilnl-cmrgl I-HI[ Mllr:r I":

$ dibrw S|
: E B T o Latest test April 25, 2013
Soseseencen,’. ® ..: wgot—] 3 Frypie] PKU4 achieved 33 MV/m
ogeteintig w  AtQO 1E10 at 1.8K
5 e e
| | pond s e, "%  Further processing and
| | o Z  testing including local
| oo e B S
e e e o = grinding under way
B e evia ™5 o wERIRE
e | |
1 ; i T 1
1] 11 20 a0 4 Eib . .
Eace [MV/m] Courtesy Jiankui Hao, PKU
RL. Geng, 5/27-31,2013 ECFA LC2013, DESY 7

Presented by R. Geng, ECFA LC2013, DESY
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';'E 9-cell Test Results and Limitation

IHEP/KEK, Jlab, FNAL collaboration =ourtesy Jiyuan Zhai, IHEP

10" ;
- .a:.=1.4x 100
¢ Nt MNP, 0, ;
ol ® 'fi: .'.' e o * oo A pit on the iris and possible
10 _ & 'l' contamination may be the reason
- ! I Quench 1 of strong field emission of IHEP-01.
i _ ! ¢ . Mo X-ray | .
o - Field Emission . ] 4
2 K Quench .
107 o 1 ;
| e IHEP-011%"test| KEKJune2010  Field Emission |
4 |HEP-012"test JLAB July2011  Quench ] %
IHEP-02 1*'test, FNAL May 2013 |l IHEP-02 quench defect (detected
| | by second sound and
10° : ' : : . . ' : : : thermometry). The guench location
0 2 4 6 8 10 12 14 16 18 20 22 pas sharp and deep grain boundary
E_ (MV/m) step made during half cell pressing.
acc
By passband mode test, 5 cells of IHEP-01 = 30 MV/m, 7 cells of IHEP-02 = 40 MV/m,
both Pi modes quench at 20 MV/m in cell#9 300 deg equator.
RL. Geng, 5/27-31,2013 ECFA LC2013, DESY 11
e Presented by R. Geng, ECFA LC2013, DESY
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HF
scrubber

s 0 o
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| Fermilab

X W TBIRI025 cavity
w —4 Prior to VEP

iy =

+ Circulating acid

[
» Constant voltage .

+ Nitrogen blowing = # - ":,'\ . \
:

¥

> - |
Acidin - 5

Crelec

VEP of 1Cell and 9Cell cavities

Focus on parameters: low voltage (~ 6V) — high acid flow (25L/min)
o Improved degassing (H, , O,)
o Lower heating

Four 1-Cell cavities and 1 nine-cell cavity prepared by VEP

But delay in results: Field Emission problems (cleanroom’s water)

Presented by F. Eozénou, 15t LCC/ILC cavity group meeting, 2013
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1DE1: Horizontal EP + 70 um VEP
Parameters: 6V & >24L/min

*Bright and smooth surface - |
Performance before/after baking similar to HE am

*High gradient maintained after VEP

1DE1 after HEP + 70 ym VEP

1DE1 TESTS AT 1.6K

1E+11

PeXomey - .
- aad Fartie's s e o, Aspects to improve:
| | ‘, ‘.
1.E+10 u +
. “ ° i
. -Low removal rate at 19" C: 0.2um/min
<] .
. uench . .
e I i - asymmetry: removal rate higher in the
+ Baking : Baseline
_fj:w'jm{:m"se upper part of the cell (x 3)
# + Baking

0 5 10 15 20 25 30 35 40 a5
Eacc (MV/m)

higher local

Presented by F. Eozénou, 1t LCC/ILC cavity group meeting, 2013 |
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Cornell VEP, 40MV/m w/ ILC 9-cell /5
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1st achievement of 4A0MV/m w/ VEP + TESLA 9-cell

1,00E+11 : : 1,0E+01
e A9re-HPR XILC BCD
A Radiation
q A 1,0E+00
QO ) ¢ & o o () A
° ° ® Q
® |® o ® o, | ® Qo
1,00E+10 X —o ‘.: '§'
X J
=)
: A 1,0E-07T
Pi-mode, 2.0K
Eacc max=38MV/m, Qo = 9.0e9 A
Rad ~1.0mR/hr, Limited by quench.
1,00E+09 1,0E-02
0 5 10 15 20 25 30 35 40
st ComellLabaratory or Eacc [MV/m] ‘;":‘“""'x
WY WIS 2013.9.24 F. Furuta
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Results of half cell VEP,
Comparison of top & bottom

Top, 17V, agitation=1Hz Bottom, 17V, agitation=1Hz

N
(63}
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> |

Time [min.]
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Current [amps]

O T T T T T 1
2 3 4 5 6 7 8
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Half cell VEP, I-V curve, stir speed dependence

8
7 f—_’/.——‘ *—7"—0
6
s 4 LA
‘s’ 3
’g 2 |
S 1 -e-top |
0 T T T 1
0 5 10 15 20
EP voltage [volts]
8
7 /—
w 6
@ /
£ 5:;‘.0*/‘7 — — —h
©
= 4
g 3
S 2 | |
3 -e-top
1
0 T T T T T 1
0,0 0,2 0,4 0,6 0,8 1,0 1,2

e 2013.9.24 F. Furuta stir speed [Hz] 31°4%
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B EP based surface preparations have successfully
achieved design specs with high yield in various project.

B This means the reliability of EP facility and cavity
production procedures are also very high.

B Reliable EP facilities are also available for qualification of
new cavity manufacturing. Collaboration on surface process
and VT become more strong.

B Based on high reliability of EP, we could focus on other
parts of surface processes to improve or cure cavity
performance.

SN 2013.9.24 . Furuta 32°%
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B VEP’ed cavities have successfully achieved high gradient
with high Qo. Demonstration of VEP capability are done.

B R&Ds on VEP parameter optimization are on going. Next
high priority is demonstration of high yield with VEP.

B Many VEP facilities are now available, more close
communication, discussion, and collaborations are expected.

=SS 2013.9.24 F. Furuta 3374
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What is the best surface treatment?

6™ International conference on RF Superconductivity

1,00E+11
High Qo

HF rinse? High temp. process?
Qo Large Grain?

100E+10 T = == = = = = = = m e = = g = = = — .
I i ]

: 120C bake

BCP EP

Alternative

1
l
l
1 I shape
TESLA shape (4=, ‘RF |SF)
l |

1,00E+09

0 S) 10 15 20 25 30 35 40 45
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