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Abstract

From QA issue oBuperconducting RFavities, it is
important to investigate the a#xposureeffect of the
clean niobium surface. In our class 10f8anroom, we
have carefullyintroduced filteredair into a 1300 MHz

assemblyprocedure, we followedhe procedure. Atfirst
we treatedthe cavity with electropolishingand high
pressure waterinsing (HPR). Then weconfirmed the
baseline cavity performance : Eacc,max=32 M\&na no
field emission. Then pure nitrogen froncald evaporator
was carefully vented into the cavity without

single cell niobium cavityafter the baseline test and gisassembling. The nitrogen/air venting system is shown

exposed the surface to the air fotally 65 days. On the
way, the cavity wadested atthe exposuretime: 45

minutes, 1 , 3, 7, 17, 3&nd 65 days. An increased
residual surface resistanabout 10 was observedafter

oneweekexposure, then it wasaturatedfor further air

exposures. The maximum field gradient was alegraded
from 34 MV/m to 27 MV/mafter the 3 day's exposure
andlimited by multipacting. This contributiopresents
the air exposureeffect on the high gradient cavity
performance.

1 INTRODUCTION

Quality control of the superconducting (sc) RF cavitieg

is a very important issue in this field. Tperformance of
sc cavities is very sensitive tsurface contamination.
Cavity assembly environmengffects much on the
performance. The horizontal assembly which is a work
assemble sc cavities into horizontal cryostetsitains
many procedures todegradethe performance. In the
TRISTAN horizontal assembly, someperformance
degradationwas observed[1]. The reason isnot yet

understood. We started tdnvestigate theperformance
degradation. Inthis time, we studied the air exposure
effect on the high gradient performance

electropolishing. Thieffect hasbeenworried for a long

by

in Figure 1. The nitrogen/air wasgented through a
0.0lum filter at a flowrate of 900 cc/min. This gas
venting method does nattroduce particleeontamination
into cavities [2]. The cavity volume is a 4ahd is filled
in 10 minutes up to one atom. Then, the ingerface
was exposed the nitrogen/air for a period. Aftet, the

cavity is vacuum evacuated quickly with a®85baking

upto~1x 10/ torr by an evacuationystemconsisted
of a turbo-molecularpump and rotary pump, then
evacuation is switched tmn pump. The finalvacuum

pressure is ~ 1 X 18 torr. The cavity was sealed offith
a metal valve (V6)and fixed a vertical test standthen
cooled down. This procedurewas repeatedfor every air
Xposure experiment. Air exposuestswere carried out
at the exposing timefor 45 minutes, 1,3,7,17,33lays
andtotally 65 days. The air in the clad$00 clean was
ventedinto the cavity through a 0.0um filter without

thy controlling moisture.

In the vertical test, at first temperaturedependence of
the surface resistance(Rs) wasarefully measured from
4.2K to 1.5 K and it wafitted by the following formula
to evaluated parameters : A=A/kg, and the residual

surface resistance (Rres) ;

Rs(T) = A Eéxp(—%) + Rres

T 1).

time because the cavity performance is so sensitive to thfter this measurement, Qo-Eacc curve was measured at

surfacecondition. In thisexperiment weobserved the
performance degradatiorwhich the residual surface
resistance increases about 10 and the highgradient is
reduced from 34 MV/m to 27 Mim by the airexposure
for one week. The air exposure promotasiltipacting
seriously. The ailexposure period obne week is too
long for areal horizontal assembly workHowever, one
has to remind the effect which the figddadient islimited
by multipacting.

2 EXPERIMENTS

One electropolished300 MHz single cell niobium
bulk cavity : K-11 manufactured with RRR=20@obium
material from Tokyo Denkai was used in tlisperiment.
To investigate problems in the TRISTAN horizontal
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Figure 1 : Nitrogen/Air venting system
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Figure 4: Air exposure effect on residual surface
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Figure 5: Qo-Eacc curves
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oxidation. The roomtemperature oxidatioreffect on
niobium property was investigated idetail by Dr. J.

Halbritter [4]. In his paper, thedegradation of the

niobium property is explained as following:
1) Oxygen solution is promoted by local stregserated

by nucleation of NpOs on thesurface,and decreases

Tc of the niobium.

2) NbOy exists in theinterface betweerthe natural
oxide layerand the niobium matrix. It reduces the
electron density athe Fermisurface ofthe niobium,
and weakens the pair interaction.

3) At the Fermi surface of the niobiuralectrons locally
bound to NbOs.y and conducting electrons make

interferences.That weakensthe pairing interaction,

and brings to a degradation in the material property.

The oxygen solution of one atomercent inniobium
brings areduction ofthe critical temperature by0.93 K
[4]. Namely the following relationship isobserved
betweenthe band gap degradation andthe increased
oxygen concentration.

dNbOx

NbOx

B da
=-10 - ().

Here, NbOx means the amount of oxygen solute ig)
niobium. Evaluating theconcentration of the solute

oxygen from (3) for our result: théegradatiorrate of the
band gap = - 0.046%/day, the oxygetoncentration
increases 0.0046 atomic percent every day.

4.2 Degradation of high gradient

As seen in Figure 7and Figure 8, we observed

occurrences of x-ray inthe high field measurement.

Generally x-ray is made by electron bombardnmerio a
niobium wall. Such acandidate isfield emission or

observed inthe warming up cavities up to 200K. This
fact suggests that this multipacting jgonounced by
surface gas adsorption. The adsorption energvaduated
as 0.017 eV from the memomffect. This number is
popular in a physisorption. Especiallglectropolished
surface has a porous natural oxide layer onsthéace, so
the multipacting might be easifyronounced bythe gas
adsorption.

5 SUMMARY

We measuredthe degradation onthe electropolished
niobium surfacewith air exposure for 65 days. The
following results were made obvious.

1) Residual surface resistance isincreased about 10
nQ in one week,and it saturates for thdurther air
exposures. This degradation is not so seriouffoer
frequency cavities like TRISTAN 508 MHz cavities,
becausesuch a cavity isoperated4.2 K where BCS
surfaceresistance is domain e.g. 100rQ. On the
other hand, it is much serious in the cavitipsrated
at thesuperfluid temperature.The increasedRres is
comparable or larger than BCS surface resistance.
Air exposure promotesmultipacting and  high
gradient is limited by the multipacting.
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x-ray should beenhancedexponentially withincreased
field gradients. As seen irthe figures, our x-ray
occurrencepattern isdifferent from field emission. The
intensity does not exponentially increase. Tl means
multipacting is occurring in our cavity.

In Figure 6, abnormal enhancement in 1/Qoliserved
in every air exposure, which is similar field emission.
It is also seen in the HPR rinsed surface after thea§%s

air exposure. However, as seen in Figure 8, in the HPR

rinsed surface x-ray iaot observed after RFprocessing.
Therefore,the abnormalknhancement irl/Qo with the
HPR rinsed surface is byhermal heating. Theother

abnormal enhancement with air exposed surfaces might be

at KEK.
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brought by a mixingbetweenthe thermal heating and
multipacting. Thus, airexposure seems to bring two
effects; 1) making thermal heating " a new Q-[3]
degradation'[5], which might bemade byoxidation, 2)
promoting the multipacting, which might lmkie to the
accumulation otarboncontaminationmicro-particles or
gas adsorption.

Two multipacting levelsare observed at5-20 MV/m
and at21- 34 MV/m. Thelower level is disappeared by [5]
RF processing as seen in Figureard Figure 7. The
higher levelcan not be eliminated by RF processing.
According to our other experiments, with th®wer
multipacting level a memory of the RF processing out is
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