Proceedings of the Sixth Workshop on RF Superconductivity, CEBAF, Newport News, Virginia, USA

Detailed Studies of Anomalous Loss Mechanisms in S.C. 3GHz Single—cell Cavities
at Epeqxtip to 70MV/m and Qgup to 7-10%

D.Reschke, W.Gdrlich, G.Mdller, H.Piel, J.Pouryamout, R.W.Rdth
Fachbereich Physik, Bergische Universitdt Wuppertal, Germany

ABSTRACT

Although the main limitation of today’s s.c. niobium accelerator cavities is field emission, the
best experiments show thermal breakdown gnd residual resistance as the next limits for
gradients above 20 MV/m. We report on a series of 12 experiments on four 3GHz single-cell
niobium cavities (RRR =200 -1000), investigating these effects in detail After standard
preparations at CEN Saclay (BCP) and at Wuppertal University (BCP, firing), surface fields
Epeak above 50MV/m and quality factors Q, above 10" are achieved with good reliability. The
influence of the residual gas composition in the vacuum system of the cavity on both, the
residual resistance and field emission is investigated. Hydrocarbons are identified as the origin
of a strong degradation of the cavity performance. In addition, the effect of the exposure to
various gases (p mmbar ) at room temperature is studied. Detector systems for x-ray mapping
and thermometry in superfluid helium are essential for a locally resolved, quantitative analysis
of the various loss mechanisms.

INTRODUCTION

For a superconducting linear accelerator in the TeV-regime (TESLA) acceleration gradients Egcc
above 20MV/m at quality factors of »5-10° are required [1]. Despite the progress in
suppression of field emission and the increase of the thermal breakdown field, such vatues are
achieved today only in laboratory experiments, but not in real accelerator operation. Although
high purity niobium (RRR2300) and postpurification techniques are used, the limitation by
thermal breakdown at tocal defects occurs again at Hg=110-135mT (8Egec =25 - 30MV/m)
[2,3,4]. To provide thermal stability at such high fields [5] and to allow for acceptable
cryogenic costs, the residual surface resistance must be very small, especially for frequencies
above 1 GHz. In addition, the thermal conductivity A has to be increased further [6] and the
density of local defects must be reduced.

Though the cleaning and assembling techniques were significantly improved during the last
years, the residual resistance is not well under control and varies, even in “"successful”
experiments, about one order of magnitude (typical Q,=5-10°-5-10"). Moreover, a drop of
Qg With increasing field amplitude, which is not due to field emission, is often observed and
needs, as well as residual resistance at low field, a better understanding.

MATERIAL, PREPARATION AND EXPERIMENTAL SETUP

The material of the four 3GHz single-cell cavities reflect impressively the improvement of the
available high purity niobium (Nb). The cavities SW1 and SW2 were fabricated from Heraeus
sheet Nb with RRR =135 and RRR =90, respectively. After postpurification with the well-known
solid state gettering with titanium [ 7,81 the RRR increased to 250 - 300. The cavity SW5 was
fabricated from russian Giredmet sheet Nb of RRR =500, which improved to RRR ~ 1500 after
double-sided titanisation. The half-cells of cavity SW6 were machined of bulk Nb (RRR =800)
at tHEP Protvino and e-beam welded at Leybold, USA. An overview of the cavity parameters is
given in Table 1.
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Tablet Cawvity parameters

Cawity | RRR RRR G Epeak Hmk[ mT ]
(ds fabricated) | (postpurified) | [Q] Eace Eace | MV/m

SwWi1 138 - ~280 290 2.55 418

SW2 S0 ~260

SwW5 500 <1500

SwWe 800 -~ 2486 2.0 4.4

in the course of the 12 experiments three different preparation techniques were applied:

1) Standard open chemical treatment {BCP) + High temperature annealing at 1000°C (HTA) +
Dry dustfree assembly { Class 10-100) = 3 Tests

2)  Standard open chemical treatment + Ultrapure water rinsing (2€/min) +
(partially: Drying with pure N,) + Dustfree assembly (Class 10-100)
-+ 6 Tests (3treatments at CEN Saclay, 3 treatments at Wuppertal)

3) Only HNO, rinsing + Uitrapure water rinsing (2¢/min) +
Dustfree assembly (Class 10-100) - 2 Tests

One experiment was done after breaking the vacuum under cleanroom conditions and dustfree
reassembling. Room temperature cycles or gas exposure at room temperature are not counted
as separate experiments.

RF- and He-processing has been done up to 40W in cw and long pulse (>10ms) operation.
A rotatable, high resolution thermometry system with 13 Stycast-isolated "thermometers” has
been used to detect the temperature distribution of the RF-losses in superfluid helium. In
addition, the rotatable frame includes 15 X-ray detectors to detect the local distribution of the
Bremsstrahlung in case of field emission. A detailed quantitative analysis of the located
defects and emitters was partially performed in a reproduction test, where the thermometers
are glued with Apiezon N grease to the spots of highest interest. With a quadrupol mass
spectrometer the composition of the residual gas in the vacuum system is controlled before
and during the RF-tests.

RF-RESULTS
The RF-results of the 12 experiments are summarized in Table 2.

Although we have only a relatively small number of experiments, several nice resuits can be
derived from the data:

- The applied surface treatments result with a high reproducibility in electrical peak
surface fields above 50MV/m ( a Eg..>20MV/m) and Q-values above 10" (Fig.1, 2).

- The diagnostic systems identified clearly two accidents during fabrication (SW6-2: bad
welding) and preparation { SW5-9: contaminated vacuum system), respectively.

- Field emission started (excluding the accidents) beyond E,eqy >30MV/m. The field
emission onset of the best experiment reached nearly 70MV/m after a preparation at
Saciay. 1096
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There is a trend that N,-drying after BCP and ultrapure water rinsing leads to improved
residual Q-values compared to an open drying under cleanroom conditions. The best
value of Q°=7-10'° (Fig.1) corresponds to a residual surface resistance Rg=4.1nQ).
Thisis very close to the sum of the BCS surface resistance Rggecg ®#2nQ at 1.4K and
the surface resistance due to frozen-in-flux of the remaining magnetic field in the
cryostat Rg ¢ie< 4nQL

A “soft” surface treatment with only a HNO, soak + ultrapure water rinsing was used
after test SW2-18 to preserve the successfully tested surface before a complete new
assembling of the cavity. Contrary to our expectation, both experiments (SWw2-19,
SW2-20) resulted in an increased residual surface resistance. Even if this degradation
was not caused by the first treatment, the second preparation was not sufficient to
remove this kind of contamination. Thus the applied “soft” surface treatment is
inadequate aiming for a reproducable high cavity performance.

As expected for the high RRR niobium material, cavities SW1, SW2 and SW5 achieve
magnetic surface fields above 100 mT without a local thermal breakdown.

Nearly all degradations of the Q(E,..)-performance (especially SW1-20-i, SW5-10-i,
SW5-11) occured during field emission or processing of field emission. (Remark: For
clearness the table does not contain all intermediate states during field emission and
processing of field emission.)

The cavity performance usually did not change after a room temperature cycle, even if
the test set-up was moved by crane. This indicates, that there are no loose particles at
the top flanges “snowing” into the cavity.

The influence of the composition of the cavity vacuum and of the exposure to various
gases is discussed in the next chapter.
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Fig.t: Typical Q(Eqcc)-performances of 3 tests (see Table2)
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For 3 exceriments we had the opportunity to use the infrastructure at the CEN Saclay for the
surface treatment of the cavities SW2 and SW5. The first preparation { SW2-18) included an
‘open BCP and an “open” ultrapure water rinsing in the class 10 area of the cleanroom. After
arying under laminar air flow the cavity was closed with teflon hats and transported to the
cleanrcom in Wuppertal, where the final assembly was performed. The second and third
preparation (SW2-21, SW5-11) also started with an “"open” BCP. Differently to the first
preparation, both cavities were water rinsed and dried using the closed-cycle integrated
chemical facility {10]. While SW5 was assembled in the cleanroom at Saclay, SW2 was again
transported to Wuppertal with Teflon flanges. Both tests of SW2 showed the highest
measured fields (Epequ®™ 70MV/m), clearly demonstrating that a careful transport under clean
conditions does not lead to a degradation of the cavity performance for gradients up to
Eqcc ™ 25MV/m.

All RF results listed in Tab.1 are obtained at a temperature of about T=14K. Above 1GHz and
at T® 2K, which are the operation parameters of accelerators like CEBAF and TESLA, the RF
losses are increased or dominated by the BCS contribution to the surface resistance.
Furthermore, the Kapitza resistance, which hinders the transport of heat from the Nb wall to
the He-bath, depends inversely with a high power law on the He-bath temperature. Both
effects might result in different thermal breakdown conditions at 14K and 2K. However model
calculations predict for the temperature range of T=14K to T=2.1K and local defects up to
100um spot size a nearly constant magnetic breakdown field [6] at frequencies f,<3GHz.
Therefore in five of the best experiments the Q(Ey..)-performance was determined also at
2.0-21K. In good agreement with the mode! calcutations the “quench” limited test SwW2-18
provided at T=21K (Hpeqk=1041mT) and T=14K (Hpeqx=110.8mT) a nearly constant
breakdown field. The same behaviour was observed at a 3GHz nine-cell structure [ 9] limited
by a local thermal breakdown at Hgpeqx =745 mT. Moreover the field emission limited
experiments showed no contradiction to these results at Hpeqkof at least 90mT, so that
magnetic surface fields of about 100 mT at T=2K and f,<3GHz can be achieved reproducibly
in postpurified niobium.
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Fig.2: Maximum electric peak fields of the 12 experiments. The worst results (@) are

due to test SW5-9 with contaminated vacuum and test SW6-2 with a bad welding.
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Fig.3a¢: Mass spectrum of the contaminated vacuum system during test SW5-9

IEj
18]

14

12—

-

10
-
s
e -
-

4 =

—

Z:l Jul | 1 | v

T Y

o
(=] 25 SO 7S 100
MASS

MOCA=IUZ>

Fig.3b: Mass spectrum of the vacuum system during SW5-10
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Fig.3c: Q(Eqcc)-curves before (SW5-9) and after (SW5-10) curing the hydrocarbon contamination
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NFLLENCE OF CAVITY VACUUM AND VARIOUS GASES ON THE Q(Eq.c)-PERFORMANCE

t «s well known, that a bad cavity vacuum usually results in a poor RF-performance.
Furthermore it 1s obvious, that the composition of the residual gas rather than the total
pressure Is the dominating factor. An involuntary example is given by test SW5-3. Though the
total pressure of the cavity vacuum was in the order of 10 “"mbar, the mass spectrum analysis
(Fig.3a) shows ctear evidence for a contamination by hydrocarbons (Mass 39, 41, 43, 50-57
and higher). The following cryotest exhibited the worst RF performance of the experimental
series with a Q-value of 6-10% and field emission starting at Epeaw=15.6MV/m (Fig.3c)
Cleaning and baking of the vacuum components together with the use of an oilfree turbo pump
resulted in mass spectra (Fig.3b) free of hydrocarbons related with the best measured
Q-value of 7-10" and a field emission onset of Epeax=39.5MV/m (Fig.3c).

Together with a number of former experiments, the source of the hydrocarbon contamination
has been identified most probably as the oil of the vacuum pumps. Most critical parts are the
bellows near to the cavity, which easily accumulate existing contaminations, but are difficult to
clean. Thus the use of oil-free vacuum pumps, regular baking of the vacuum system and
permanent control with a mass spectrometer are of highest importance aiming for a low
residual surface resistance and a high field emission threshold.

Beside contaminations like hydrocarbons, we have studied the influence of “regular” gases like
air, N, He, CO, etc. with respect to residual resistance and field emission. Though the effect
of adsorbed gases on the cavity performance was reported in a number of publications
[1112,13,14 ], these results of various laboratories differ and are partially contradictory.

During the experiment SW1-20-i (Fig.1) the cavity was warmed up to room temperature
between the cryotests and exposed to He, N, synthetic air and CO, with a pressure of a few
millibar. After evacuation the next cryotest was performed. Over the seven tests the residual
Q-value degraded from Q,=3.5-10" to Q,=1.4-10" including the four gas exposures and two
times removal and assembly of the test insert to the cryostat. As mentioned above, the
irreversible degradations of the residual Q-value occured mainly during field emission or its
processing. Only the removal of the test set-up from the cryostat between SW1-20-4 and
SW1-20-5 resulted in a degradation of Q,=19 -10" to Q,=1.4 10", However, the exposure of
the cavity to the four gases did not show any significant and lasting influence on the residual
Q-value. Especially the exposure to CO, which was reported to cause a strong degradation
[12], resulted in an unchanged Q-value, even in the case of an additional gas exposure at 1.5K.
No correlation of the field emission activity to the gas exposures was found. The onset field
varied during the series between Epgqe=34MV/M and Epeqe=44MV/m. The lowest values
were observed in test SW1-20-5 and SW1-20-6 after the second removal of the test set-up
from the cryostat (see above) As can be seen clearly on the x-ray maps at
Epeax=(51-58)MV/m (Fig.4), the location of the emission varies from test to test as well as
during one test (SW1-20-2). According to trajectory calculations, most of the primary
electrons hit the surface close to the emitter, producing the narrow peaks. The scattered and
more energetic secondary electrons are responsible for the broad x-ray peaks at the opposite
iris. Remarkable is the nearly homogenous underground over all angle positions, The x-ray
maps show 2-3 field emitters, which are activated alternately at nearly the same threshold.
These emitters could not be destroyed with RF- and He-processing. The field enhancement
factor B was determined for all Qy(E4.c)-runs using the current of free electrons measured at
the transmitted power probe. The initial B-factors before processing vary between 120 and
145, which are lowered to values between 60 to 90 after processing.

1100

SRF93152



Proceedings of the Sixth Workshop on RF Superconductivity, CEBAF, Newport News, Virginia, USA

In addition, the reassembly of cavity SW2 in the cleanroom (SW2-16 =

) gave no indication of a degradation of the Qu(E,cc)-behaviour due to the exposure to

gases ake air, N, He and CO,. Of course, it is a must to use pure, filtered gases as well as
ciean nstdllations and a careful operation. Fulfilling these requirements, even on a levet of

residuai Qg-values above 10" and surface fields of 50-70MV/m the cavity vacuum can be
broken the cavity can be transported and finally reassembted without any degradation of its

series andg,
performance.
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2-17

SW

©
(=]

«cﬁ

\
, %

,
ﬁf» $ ﬂa
Y
SR c ,% ok

it )
E qid ,_.,N_s_w, ,a ﬁ ik ,
=g
=
[2ed
(]
n
Q
0
[
38]
o
]
(=]
D
=
7]
E
~
=
- ‘
o~ ?y“
" c/ﬂ/ —
: ,,/,,,4..,,,,‘
E, ,/7—,
T %
(=]
D
2
[%]

SW1-20-4, E,__= 22 MV/m

SW1-20-2, E,__= 20 MV/m

(51-59)MV/m).

peak ™

Fig.4: X-ray maps taken during experiment SW1-20-1 to SW1-20-4 (E

1101

SRF93152



Proceedings of the Sixth Workshop on RF Superconductivity, CEBAF, Newport News, Virginia, USA

LOCAL DISTRIBUTION AND FIELD DEPENDENCE OF THE RESIDUAL SURFACE RESISTANCE

Quartutative information about the local distribution and the field dependence of the residual
surtace resistance can be obtained with thermometry in superfluid helium [(15,16]. At first,
temperature maps with complete spatial resolution are measured with a set of scanning
thermometers detecting local defects and temperature increases due to electron bombardement
in case of field emission. In a second cryotest the thermometers are glued to the cavity wall
with Apiezon N grease for a quantitative analysis:

AT = (Toue) Rl Toaen) - (dP/dA ) (1)
where 2
dP/dA =14 -ROS(T,,) - Hg '°F (2)

Tin and T,,¢ are the temperatures at the inner side and the outer side of the cavity wall,
respectively, with Touy = Tbath+ AT. The exponent « is in good agreement with 1 [17] The
Kapitza resistance depends on the bath temperature with strong power law
R ~ Toath > - Toaen ~ in various literature data[16].

In the case of negligible local heating due to field emission, one obtains:

) Ri(Togqn) -ROS(T ) -HOS? (3)

S

AT ="y n(Toye
The efficiency n(Tyy¢) varies significantly from test to test for each single thermometer due to
the varying thermal contact of the thermometers to the cavity wall. This behaviour results in a
different insolation against the superfluid helium with its extremly high thermal conductivity.
Thus, it is not sufficient to use the data of a former calibration measurement [17] as it was
practiced in a first experiment determining the local surface resistance using the temperature
increase on the cavity wall [11].

0.008 : . ‘ | ’ ] |
AT [K1] i ]
0.006 x/.- % |
r- o - x V n
0.004 - - ]
0.002| e L e ]
- §_H.r"”~ . . @ |
L& ! R i i ! :
0.000, 2000 4000 6000 8000

H:? [(mT)2]

Fig.5: AT versus HZ of two thermometers at the equator used for the calibration of 7
As expected at 2K, the BCS surface resistance is dominating and results in AT~H§
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At our operation frequency f,# 3 GHz and a bath temperature of Tpoin =(2.0-2.1)K the BCS
surface -esistance Rggeg is in the order of (50-100)nQ and thus large compared to the
resicugl resistance Rg es. Which is usually less than 10nQ (2Qq s 2 10™). Therefore at
Thatn=(2.0-2.1)K a well defined temperature increase AT is observed on the whole cavity wall
\F:ig 5! The slope of the measured AT vers. H® can be analysed with respect to n for each
thermcmeter and result in typical n-values of 0.05-0.1. Qbviously, this holds oniy below the
field emission threshold. Nevertheless the scaling of n from Ty ®2K 10 Tpoin®1.4K yields in
an error of about 20% due to observed variations of the scaling law for different assembled
thermometers [16]. At Tpqin=14K the n-values for thermometers, which are in good contact to
the cavity wall, vary between 0.4 and 0.9.

fn addition for precise measurements, both, at Tpqih ¥ 2K and at Tyaen R 14K, it is of great
importance to correct the measured AT-values with respect to the bath temperature increase
during the read-out time of the chain of thermometers. Especially at high fields, the RF-power
deposited in the cavity wall heats the helium bath significantly during the read-out time, which
lasts typically for a few seconds. Therefore, the bath temperature is detected by an additional
thermometer.

Five experiments, including the elsewhere reported first one (11, are analysed in detail. Three
cases can be distinguished:

- Limitation due to a local thermal breakdown at a detected defect ; Qg ros™10™ (2 Tests)

- No detected defect ; Limitation due to field emission ; Qg reg? 210" (2 Tests)

- Detected defect without local thermal breakdown ; Limitation due to field emission ; High
residual resistance Rg res=58N0 & Qqres=5-10° (1 Test)

Local thermal breakdown

In a first cryotest, the defect responsible for the "quench” was located and identified near the
equator. In the second cryotest with fixed thermometers, the temperature of the cavity wall
close to this defect was found to increase nearly exponentially with the magnetic surface field
(Fig.6a). This result cannot be explained by simple thermal model calculations with constant
defect resistance and without taking the presence of the thermometer into account, which
predict a temperature increase AT ~H? (Fig.6b) [6l.

In experiment SW2-18-1 the defect-free areas near to the equator show the predicted
temperature increase AT ~H? (Fig.7). A least-square fit to the data of various thermometers
up to the field emission threshold of Eo..®20MV/m give a local surface resistance of
Rs.i0c(1.4K) =(3-8)nQ). This value is quite close to the sum of the BCS surface resistance
Rgacs(14K) #2500 and the surface resistance due to frozen-in-flux of the remaining
magnetic field in the cryostat Rgfe<4nQ Thus, most of the cavity surface shows a
magnetically caused tow residual surface resistance, which is at least one order of magnitude
less than the value determined by the RF-measurement (Rg og=31nQ). A similiar result was
obtained in the first experiment. Therefore not only the "gquench”, but most of the residual
resistance and the observed increase of ARg ~H52 (Fig.6¢c) has to be attributed to the local
defect.
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Fig.6a: Measured field dependence of the temperature increase at the local defect (SW2-18-1)
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Fig.6b: Calculated field dependence of the temperature increase at the local defect
(Rp =B8mQ, rp =10um, Ty =1.4K). The parameter is the RRR.
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Fig.6¢: Increase of the residual surface resistance ARg With Ege.
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As reported in a former paper {6], both the exponential temperature increase on the defect
ana the increase of Rg with Hg cannot be described by thermal model calcutations assuming a
normatconducting defect with constant Rg 4er. AS a first step curing this lack of understanding.
eq.(3) was extended by a temperature dependence of the surface resistance of the local
defect. Furthermore, as mentioned above, one. could imagine, that the presence of the
thermometer leads to a drastically reduced local heat transfer to the helium bath, which may
result in the observed exponential temperature increase due to the exponential increase of the
BCS resistance with temperature. A new series of model calculations using these ideas are
underway.

o . 0 O 8 T I T ‘ I | T ] T T T
AT CKI ! | . |
SWS5-10-2 .~
0.006 |- -
L AT~ o ]
0.004 | -
0.002} o
- SW2-18-1
L P S e TR -
p 3 e o I
g T ! , L 1 A 1 .
O'OOOO 100 2000 3000 4000 5000 6000

Hs? C(mT)2]

Fig.7: Measured temperature increase AT versus Hg at a defect-free area of the cavity wall

No detected defect

Both analysed experiments were limited by field emission and in the first cryotest no local
temperature increase except tat due to the electron bombardement above the field emission
threshold was observed. The residual Qq-values were more than a factor of 2 higher than in
the above described experiments (SW5-10-2: Qg,=2.2 10", sw2-21-1: Qe=25 10",
Analysing the temperature increase at the defect-free area at the equator with respect to the
local surface resistance (Fig.7), we obtain:

SW2-21-1: RP91.38K) =(4-8)nQ > Rg es(RF) =116 NQ (Rgges(138K) 8 2nQ)

SW5-10-1: REC(1.45K) =(7-10)nQ > R, es(RF)=13.2n0 (Rg ges(145K) % 3.5n0Q)

The surface resistance due to frozen-in-flux contributes Rg g¢<4nQ in addition to the
BCS-resistance.
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Again most of the cavity surface shows no or only a very small magnetic residual surface
resistance. The discrepancy between the integrally measured RF-surface resistance Rg=G/Q,
ard the tocally obtained value using the temperature increase is in agreement with the model
ot afew s5Spots or small areas, which contribute significantly to the residual RF-surface
resistance. This 1s supported by the development of the residual Qg-value during experiment
SW5-10. After the first cool-down to 14K the cavity showed a Q,-value of Q,=7-10". During
field emission and processing of field emission before the final cryotest with fixed
thermometers, the Q, degraded to 2.2-10" which obviously can be attributed to the properties
of the field emission site.

High residual resistance + areas of increased temperature

As decribed above the "soft” surface treatment with only a HNO,-soak + ultrapure water
rinsing resulted in an increased residual surface resistance of Rg og=(48-58)n0)
(8 Qg res=(5-6)-10°). Temperature maps showed 3 areas of increased losses near the upper
iris of the cavity.

For the first time at T=14K, the normally expected temperature increase AT ~H? was
observed not only at the defect-free cavity surface, but at the lossy area, too. For the
analysed area of increased losses, which did pot lead to a quench, a surface resistances
R'5°Cz 30n() was obtained. This value represents only a lower limit of the local residual
resistance, because the calibration of n for the corresponding thermometer is based on the
assumption of a low Rgges(T) only. At the defect-free cavity surface a residual surface
resistance of at least Rlsocz 12nQ up to Rl:c: 33nQ was observed.

Although during this test a local residual resistance definitely higher than 5nQ (note the
contribution of Rgeg and Ryjs) occured for the first time, a few located areas with increased
losses dominate the surface resistance of the cavity again.

CONCLUSION

Our test series on high purity niobium cavities has shown, that electric and magnetic surface
fields corresponding to accelerating gradients »>25MV/m can be obtained reproducibly with
standard preparation techniques. Related to this, residual Q,-values above 10" at low fields
are achieved routinely. A chemical treatment with final ultrapure water rinsing and drying with
pure nitrogen resulted in the smallest surface resistance of Rg(1.4K) =4.1nQ (8 Q=7 -10").

Despite the increased BCS-resistance at 3GHz magnetic surface fields up to 110mT are
achieved even at 2K. In agreement with thermal model calculations for frequencies fyos 3GHz
and T=2K, surface fields of about 100mT can be reproducibly obtained with postpurified

niobium.

Several effects are identified to cause the residual surface resistance:

The experiments have shown, that hydrocarbon contaminations of the vacuum system are
responsible for high residual losses. Thus, a strict requirement is a careful and clean operation
of the cavity vacuum as well as a permanent control of the residual gas composition. Despite
former measurements elsewhere, no significant influence on the cavity performance after the

exposure to various gases is observed. Especially, nitrogen and air, which are used during the
preparation procedure, don’t show deteriorative effects.
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'n severat experiments we proved by thermometry, that the observed low residual resistance is
mostly caused by one or very few localized areas. In the defect-free areas, i.e. for the majority
ot the cavity surface, the surface resistance comes very close to the sum of the
BCS-contribution and the very small resistance due to frozen-in-flux. It was also confirmed,
that tocal defects or small areas of increased losses are responsible for the increase of Rg
with increasing surface field.

Field emission or the processing of field emitters sometimes degrades the cavity performance.

Reassembly, transport and moving of a cavity does neither affect the residual resistance nor
the threshold of field emission. The field emission threshold is usually beyond Epgqk > 30MV/m
for experiments, which are not influenced by hydrocarbon contamination. Comparably low field
enhancement factors B between 60 and 90 are observed after He-processing.
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Taple ¢

RF-Results

SCF1C 10um etching with final ultrapure water rinsing ; HTA: high temperature annealing :

C. quench { local thermal breakdown) ; FE: field emission ; RT: room temperature ; He-Proc.:
Helium-processing with 40W ; N,~-drying: drying with pure, dustfree nitrogen
The onset of field emission is defined as the threshold of 1nA-current at the probe for the
transmitted power.

Test Surface QX | EMEX |0(Emsad| Epean: | Hs | Eqcc | Comments

Preparation (10°] {iMv/m] | [10°1 | IMv/m] | [mT] {MV/m]| (timitation)
SW1-19 BCP35, HTA 7.0 26.5 35 12.8 4351 104 |FE
Sw1-20  {BCP15 35 (45.4) 8.0 38.3 |(74.4)|(17.8) |not maxP;,c
SW1-20-1 |RT-cycle 26 612 14 398 |100.3| 24 |FE.power
SW1-20-2 [RT-cycle, He-gas| 18 66.3 2.0 439 |108.7| 26 |FE.power He-Proc.
SW1-20-3 |RT-cycle, N,-gas | 24 64.0 2.0 39.5 [1049| 251 |FEpowerHe-Proc.
SW1-20-4 |[RT-cycle, syn.Air | 19 (56.1) 7.0 43.4 |(92.0)| (22) {FE, not max.Pinc
SW1-20-5 [RT-cycle 14 60.4 3.7 36.0 | 99.1 | 23.7 |FE.power
SW1-20-6 |RT-cycle, CO, 15 559 344 |} 915 | 219 |FEpower
SW2-16 BCP33, HTA 30220 | 620 1.0 40.8 |101.6 | 24.3 |FE.power, B,>1
Swa-17 Re-~-assembling 30£20 | 5641 1.0 38.3 |92.0 | 22.0 |FE.power, B,>1
Sw2-18 BCP9 ( Saclay) 8.0 68.9 25 66.3 {1129 ] 27.0 |Q
Sw2-18-1 |RT-cycle 9.5 67.6 2.3 »67.6 |110.8| 265 |Q
Sw2-19 HNO,, N,-drying { 4.2 543 1.2 344 1890 | 21.3 |FE.powerHe-Proc.
SW2-20  |HNQ, 5.0 53.6 1.3 344 |87.8 | 21.0 |FE.power He-Proc.
SW2-20-1 |RT-cycle 6.0 553 1.4 319 |90.7 | 21.7 |FEpower
Sw2-21  |BCP10, N,-drying | 35¢15 | 671 0.8 416 [109.9( 26.3 |FE.power, B,>1

( Sadlay)
Sw2-21-1 [RT-cycle 255 | 69.1 0.9 444 |113.3 | 271 |FEpower, By>»1
SW5-9 BCP30, HTA 0.6 17.6 0.4 15.3 288 | 6.9 |vacuum accident
SW5-10  [BCP15, N,-drying| 70 (61.0) 1.7 395 [(99.9){(23.9) |FE. not max.P,,c
33 50.0 0.6 319 81.9 | 19.6 |decrease due to FE
SW5-10-1 [RT-cycle 34 538 0.6 344 | 88.2] 211 |FEpower
SW5-10~-2 [RT-cycle 22 63.8 0.7 326 [1045 | 25.0 |FEpowerHe-Proc.
SW5-1 BCP10, N,-drying | 41 (31.1) 19 255 | (51) |(12.2) |FE not max. Pinc
( Saclay) 6 53.6 06 ~33 87.8 | 21 |decrease due to FE
SW6-2 BCP25 40 15.8 1.8 »158 | 25962 |Q
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