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Abstract 35 MV/m after the VEP treatment. Finally, we ravie
Cornell  University's  superconducting  cavity our recent work pre-qualifying a new Americas regio
development program is one contributor to the dlob&avity vendor, a collaboration between Niowave, fd
collaborative effort on critical SRF R&D for the@. We C.F. Roark Welding and Engineering Co., Inc.
conduct R&D in support of the baseline -cavity
development as well as several alternate cavity ANEW METHOD FOR DEFECT
development paths. For the baseline program we are LOCATION
preparing and testing ILC cavities. We have dewetbp
new quench detection system and successfully applie
to ILC 9-cell and 1-cell cavities to find quenclogucing
defects, which were characterized with subsequetital
examination. We have successfully repaired a 9-c
cavity using tumbling to raise the acceleratingdgrat
from 15 to above 30 MV/m. We have identified quenc
producing defects in single-cell cavities using tange-
scale thermometry system and subsequently extracteéd
inspected the defect region with an SEM. For theraate
R&D, we are developing reentrant cavity shapes Witﬁ

70 mm and 60 mm apertures, and a simpler, Ioottym'aarrival of the second sound wave at each transdacgr

fast(_er and less EXpensive electropolishing metm.@d: .the cavity quench location. With this informatiohe
vertical electropolishing. We are also assisting in

developing new cavity vendors by rapidly testinggts- quench location can be unambiguously determined in

. . ) ! three dimensions.
qu;lth%%\gtles they produced to qualify their falation The unique 2 sound defect location system was

employed on 37 cold tests in the past 18 months.
Subsequent optical inspections of the second sound
INTRODUCTION located quench-spots have found pits, bumps, aedsar
In the early-1990’s the Cornell SRF group helpedavith no optically visible defects at all. This vkois
initiate the development o8 = 1 cavities for TESLA. reviewed in detail in reference [2]. Figure 2 sBome of
This work continues today supporting the ILC SOlgifa the pits observed with the optical Questar basstesy.
reproducibly producing high-Q & > 35MV/m

superconducting niobium cavities set forth by th€-l DEFECT EXTRACTION FROM A

GDE [1]. The critical SO high-gradient project is g NGLE-CELL AND SEM INSPECTION
addressing and advancing the major technical issues

limiting the technology, including niobium cavity After preparing a single-cell 1.5 GHz cavity witlEw .
material, design, fabrication, processing, hangdlingd 2nd testing with our standard thermometry systenn wi
testing. 760 fixed thermo_meters _[5] we identified a quengpots
Cornell has many unique facilities in support o th @"d the pre-heating at this quench spot from teatpes
collaboration activities. This paper will revievnet Maps taken out toqf =29 MV/m. After extracting from
Comell programs/facilities and give examples ogith the cavity a1 cihsample centered on the quench region
recent employment in support of the ILC high-gradie W€ €xamined the sample in the SEM and found a fitge
goals. near the equator Weld_, as shown_ln Flgure 3. Wesea
First, we review a new method developed for quendfany interesting details of the pit with the SENSuch
detection in 9-cell and 1-cell cavities, followey dyptical eaturgs do not_ show up with optical remote Q|sﬂaanc
inspection [2]. We compare the defect imaging béita detection; see Figure 4 for an example. Hencea!ﬁ’meal
with more detailed imaging by SEM after extractmia system can only serve a rough but useful guidehe t
defect from a single cell cavity. We discuss tepair of detailed nature of defects.
one 9-cell cavity by tumbling [3]. We discuss tlests
performed at Cornell on multi-cell reentrant caestiand 9-CELL DEFECT REPAIR BY TUMBLING
review the unique Cornell cavity processing feaur@  Cornell's work with single cell cavities [2] dised
vertical electropolish (VEP) apparatus [4]. We daviater demonstrated that “bump-like” defects carfiked
shown that individual cells of a 9-cell have sugesb with additional etching, e.g. BCP. However, thése
“Work supported by The U.S. Department of Energy &he National  mounting evidence that there are pit-like defectsciv

Science Foundation. cannot be fixed with heavy EP. Several ideas are
zac22@cornell.ec

We are following the general ILC R&D strategy for
raising the high-gradient cavity yield by locatirie
quench producing defects in low-performing cavities
é‘ﬁ)llowed by optical inspection and repair. In fhest year
we have assembled and demonstrated a new and:effici
rguench-spot location system usidY found in superfluid
helium. This system employs an array of oscilatin
superleak transducers (OSTs) to detect the secoumads
waves generated during quench, figure 1. The rdista
etween three or more transducers and the querxthissp
etermined by measuring the time-of-flight betwebe
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Figure 1: A quench event. Four traces are shdyihe
upper trace is the quenching-cavity transmitted gro\&-
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Figure 3: Pit defect found at quench location Birgyle
cell cavity. The bar is 500 microns.

Defect Pit

Figure 2: The 9-cell reentrant cavity pit defect.

currently under investigation to fix such defects:
centrifugal barrel polishing, local grinding/polisl,
electron-beam melting, laser melting, tumbling,. eit/e
employed a simple cavity tumbling apparatus whish i
cheap and simple to operate. The apparatus waalini
developed to tumble two-cell cavities for the ERfettor
cryomodule [6]. It was modified to tumble cavitiedth
one to nine cells. In this configuration the Cdirne
tumbling apparatus removes ~ufh of surface material
per day at the equator weld. This removal rate is
significantly less than centrifugal barrel polishibut the
system is lower in cost and easier to implement.

Recently, a 9-cell reentrant cavity was tumbledixo
equator weld defects [3]. Tumbling successfullyaieed
this cavity, which originally quenched at an accatiag
gradient of 15 MV/m. The cavity now reaches an
accelerating gradient exceeding 30 MV/m, figureThis
shows that tumbling is a good way to repair defdite
pits.

After tumbling, processing with VEP (removed
~180um), 600C baking for 10 hours, and micro-VEP
(removed ~25um) the 9-cell reentrant cavity had a lower
quality factor than expected. Most likely thisdae to
insufficient hydrogen-degassing of the larger gitaraf
hydrogen absorbed during tumbling and subsequent
vertical EP. More work is planned to complete the
development of the tumbling/degassing techniqueshi®
production of high-Q and high-gradient cavities.

ALTERNATE CAVITY DESIGNS

Cornell is pursuing alternate cavity shapes whioh a
designed to minimize the ratio of surface magnigdid to
accelerating gradient in order to increase the mari
accelerating gradient limited by the RF criticadldi of
niobium.  One proposed shape, the Cornell reentran
design [7] achieved accelerating gradients exceedin
50 MV/m in single cell tests at Cornell [8] aftepgt-
purification (at Cornell), tumbling (at KEK) and Eg@at
KEK). Implementing this achievement in 9-cell d&s
is the area of active work.

A joint venture between Advanced Energy Systems,
Inc., and Cornell has fabricated two multi-cell nant
cavities: a 9-cell and a 3-cell [3]. The 9-celem&rant
cavity’s accelerating gradient increased dramaicafter
we employed second sound detectors to locate
gradient limiting pit-defect (figure 2), tumbling tepair
the defect, and vertical electropolishing. The dowQ is
most likely due to excess hydrogen contamination
accumulated during tumbling. We found similar |Qw-
behavior with the 3-cell reentrant cavity which walso
tumbled to smooth out the equator weld region and
hydrogen-degassed with the standard temperature and
time. The Q-disease showed up in the 3-cell qfaeking
the cavity in the dangerous temperature zone (100 —
150 K) for 30 hours. Tests results for both casitare
shown in figure 4.

The finding of Q-disease in the two multi-cell r&ant
cavities necessitates further processing to remibee

the



hydrogen from the bulk niobium. JLAB has recentlyfabricated by AES/Cornell and the TESLA-style Stcel
baked the reentrant 9-cell cavity at 80Gor 10 hours. A cavity ACCEL-9. Refer to table 1 for the mode
cold test is planned for the 9-cell reentrant gatit the measurement table for one of the ACCEL-9 cold tasts
next 2-3 months. Future 13%D post-purification steps to reference [3] for details of the reentrant 9-celvity
are planned for the reentrant 3-cell cavity. Ifstlis tests.

successful it will also be applied to the reentr@saell Table 1: Mode Measurement Table ACCEL-9
cavity. Mode] E.,(MV/m)| Quench Location
v T 51.4 Cell 1
819 45.9 Cel 1
] T e, Under Cel 5,
U ——— e ] m9 Analysis under analysis.
e 6179 4838 Cell 1
, 5179 76.5 Cel 5
il E 4179 60.6 Cell 4
319 77.0 Cel 5
. N 2179 29.8 No Quench
10" —#-9-Cell Initial Test B
~+9.Cell Test After Repair 179 Not Tested Not Tested
\o —=3-Cell Initial Test
—+3-Cell Q-Disease Test
. ‘ e NEW VENDOR CAVITY EVALUATION

8 S T 5 a To build the ~14,000 cavities required for the le@ch
* of the three world regions must have a sizable stréal
Figure 4: RF performance of the two multi-cell reant pgse of qualified companies to draw cavities frath [
cavities fabricated in a joint effort between AE&da we have recently prequalified two new cavity versdor
Cornell University. Four RF performance curves arRiowave/Roark [12] and AES, Inc.
shown: 1) the 9-cell cavity at 2.0 K limited by i&@efect,  The pre-qualification goal of the cold tests perfed
2) the 9-cell cavity at 1.7 K after tumbling-repair pit- here was to determine if the cavities were limiteg
defect, 3) the 3-cell cavity after its first cooldvat 1.6 K, defects to accelerating gradients less than 25 MWon
and 4) the 3-cell cavity after a warm-up to 40A35C 1o initially push the cavities to the highest pbisiquality

for 30 hours and a rapid cool to 1.6 K. factors and accelerating gradients. In suppothisf the

cavities were chemically polished with a 1:1:2 budid

ALTERNATE PROCESSING chemical polish (BCP) at T<2Z with the following
procedure:

Electropolishing (EP) is a critical treatment sfepthe e .
production of niobium cavities with acceleratinggients ~ 1) Cavity is packed in ice. _
> 35 MV/m [9]. The majority of EP facilities aresing 2) Chilled (8C) 1:1:2 BCP is transferred to the cavity.
the continuous EP method developed at KEK [10] with 3) The BCP solution etches the cavity until the
the cavity held in the horizontal orientation. \Kave temperature rises to 155 _
developed an alternative method, vertical electispp %) The cavity is drained, rinsed with DI.6, and
which was designed to be less expensive and easy to. 'otated 180 _ _
install to support the mass-processing of cavitiesng 5) Steps 1-4 are repeated until the desired amount of

ILC construction, refer to [4, 11]. The continuoyEP material is removed. g
procedure: After chemical polishing the cavities were prepangd

1) Ultrasonically degreased in a 1% Alconox and 99%

e Eliminates rotary acid seals . .
. - . - DI H,0O solution for 30 minutes.
Eliminates sliding electrical contacts 2) Rinsed with DI HO

* Eliminates the cavity vertical/horizontal position 3) Ultrasonically cleaned in a DI #@ bath for
control fixturing 30 minutes y

* Simplifies the acid pIummg/contalnmgnt 4) 2 hour high-pressure rinse in a class 10 cleanroom.

We have employed the VEP procedure in the past yeag) After drying for 24 hours the fundamental power

gurln”g ';he rilrocezsm_g Olf two”9-cel_l _caV|t|?rT1an$t?195 coupler and the transmitted power coupler were
-cell, 3-cell, and single cell cavities. € this installed in the same class 10 cleanroom.

wprk is to sucqessfully process and test 9-cell ta@ities After the processing steps described above, théiesv
with accelerating gradients > .35 MV/m. Defecf[s dnaVwere tested at 2.0 K in a vertical dewar. Eaclhicartest
prevented the 9-cell ILC cavities processed WthPVE, s aquipped with two calibrated ruthenium oxide
from reaching the gradient goal in tiemode. However, yegistors for bath temperature monitoring and aayaof

we have demonstrated, in individual cells, accélega 8 OSTs for quench-spot location, if necessary.
gradients which exceed 35 MV/m in two different éic '

cavities processed with VEP: a reentrant 9-cellitgav
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Figure 5: Q-curves for the six Niowave Inc. singtdh
cavities tested at Cornell. All cavities exhibitide high-
field Q-slope common to BCP cavities and two casiti
quenched at equator weld defects.
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Figure 6: AES cavity 1.94 K performance after \ati

electropolishing and hydrogen degassing. The yavi
started field emitting at 22 MV/m and never quentthe

The RF performance for the BCP
Niowave/Roark cavities is shown in figure 2. Afi the
cavities exhibited high-field Q-slope due to theahe

BCP treatments they received. Five of the cavities

achieved continuous wave accelerating gradientatgre
than 25 MV/m.
limited by defects, these defects are discusseefémence

[12]. The sixth cavity's (NR1-3, figure 5) maximum

achievable continuous wave accelerating gradiens wa

limited to 23 MV/m by Q-slope, but it did not quédmc
During pulsed operation this cavity attained aawdieg
gradients of 25 MV/m without quench.

In addition to the pre-qualification tests of the,q
Niowave/Roark cavities Genfa Wu (FNAL) performed

identical tests on Advanced Energy Systems (AES), |
cavities at Cornell.
recently processed with vertical electropolishingd a
tested. The cavity received a heavy 20 vertical

electropolish, a 48 hour 880 bake to degas the hydrogen

from the niobium, a 2fm micro-vertical electropolish,
ultrasonic cleaning, HPR, clean assembly, and &al8
12PC bake prior to testing at 2K.

6]

treated

Of these five cavities only two were

performance of this cavity is shown in figure 6.otNe
the large high-field Q-slope. 4 hours before thil dest
the vacuum system connected to the cavity was teidla
resulting in a jump in the cavity vacuum from 5&8& to

2 torr, resulting in field emission during the testurther
testing after additional HPR is planned.

SUMMARY

The Cornell SRF program is assisting in all arefs o
ILC cavity prototyping, testing, repair, and thesasated
basic R&D to improve processes. We have many ¢ne-o
a-kind faciliies which complement existing and
developing programs. We will continue to develagwn
techniques for the production of high-gradient tiasi
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