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Abstract
A moderate heding (170°C - 70 hours), under vaauum,
modifies the Niobium cavity feaures:

e at 4.2 K the BCSresistanceisreduced by 46%,

e at 15K the highfield Qg(Eacd dopeis snoothed off
with an urchanged residual resistance value. Thisis avery
attradive dfed for the high gadient quest.

These modifications are induced by the dedron mean free
path shortening, due to an oxygen diffusion into the
superconducting material.

In agreament with these results we develop a hypothesis
about the Qg(Egcd sope that take into acmunt the NbOy
superconducting layer and the magnetic field dependence
on the energy gap.

1INTRODUCTION

In a superconducting cavity, the accéerating eledric field
Eacc is theoreticdly limited around 50 MV/m.
Experimentally, with a few exceptions [1-2], the quality
fador Qg deaeases when the accéerating field increases,
what limits the usable high accderating gadient, as
required for TESLA. So far, the gradient limit was mainly
due to the cavity eledron loading by Field Emisgon. Now
the High Presaure Rinsing avoids the FE and, as a general
rule, no more dedrons, or X-ray emissons asociated, are
deteded in our cavities [3]. The main problem now, is a
dlope for fields higher than 20 MV/m. Recently, we have
succealed in reducing this dope by means of a cavity
heding[4].

2 EXPERIMENTAL DESCRIPTION

2.1 The Niobium Cavity

The C1-05 single cdl cavity is made of 2 mm Niobium
sheds (RRR 200) supplied by Heraeus. The working RF
frequency is 1.3 GHz on the TMg19 mode. The cavity
feauresare L = 0.112m for the gap length, R/IQ =104 Q
and G = 283Q for the geometric fadors.

The caity has been baked at 1400°C with Titanium
vaporisation to improve the RRR by impurities bulk
edimination. Before eat RF test, we have subjeded the
cavity to a standard cleaning process[5].

2.2 Experimental method
To charaderise the RF cavity performance we determine
the quality facor of the unloaded cavity Qg = (1+B) Q. ,

e the meaurements of the incident, refleded and
transmitted RF powers, alow to cdculate the coupling

coefficient B and the disspated power on the cavity
surfacePcay,

* Q, the loaded cavity quality fador , is measured in
using the transient method [6]: Q. = « T where T is the
Pcay decay time.

From these values we determine:

» thesurfaceresistance (Rg=G/ Qqg),

» the accéerating field Ezgg using the relationship
E2acc= QoPcav (RIQ) /L2

2.3 Measurements
To avoid dust contamination by several valve goertures the
hedingis caried out with the cavity in its RF test position
inside the magneticdly shielded cryostat. Two kinds of
measurements have been performed for ead heding cycle:
* Rg(U/T), at low acceerator field (1 MV/m), during the
fast cavity cool down from 4.2 K to 15 K, as gown on
Fig.1,
* Qo(Eaco, at low temperature (C 1.5 K), as diown on
Fig.2.

3EXPERIMENTAL RESULTS

3.1 Results

Aswe seeon Fig.1 and Table 1, at 4.2 K Rg deaeases dll
the time dter the heaing process At 1.5 K the residual
resistance R deteriorates about few nQ during
intermediate warm-up, but the initial value is roughy
unchanged after a170°C / 70 hours heding.

Heating | Raok | Rres A Ak B'c
(°C) /'hours| (nQ) | (NQ) |(104Q.K)| (K) (mT)
no 860 8.2 2.8 185 182

90/ 48 710 9.7 2.2 185 192
110/ 48 540 | 120 1.7 185 195
no 850 | 10.3 2.8 185 179
170/ 70 460 | 108 1.45 185 190

Table 1: Modification of cavity parameters before and
after two heaing cycles.

On Fig.2, we can see that the heaing improves the Qg
dope. For high field values the limitation, on all curves, is
due to athermal quench around 27MV/m.

Furthermore, several points have to be spedfied:

« these results are the same dter a voluntary oxidation of
the external C1-05 cavity surface



 same results have been achieved with a second cavity
(C1-13) manufadured with Tokyo-Denkai Nb sheds and
that did not undergo theinitial 1400°C/Ti hed treament,

« the improvements by heaing are preserved during
several weeksif the cavity is kept under vaauum,

« the initial situation is remvered after a new chemicd
palishing (20 um) and cleaning process

From these fads we conclude that the thermal conductivity
part (RRR or Kapitza resistance) is not concerned in the
observed phenomenon, and that only the inner cavity
surfaceisinvolved.

3.2 Comments on BCS and Residual Resistance
By the simple formula Rg = Rreg + A/T exp[-Ag/kT], we
can determine Rres, A and Ag from the Rg(1/T) curve
(Tablel). The results after heding ( Rreg increase, A
deaease, no change for Ag ) are similar to an experiment
performed by Palmer [7] on the Nb oxide layers. In his
case, the cavity was warmed up to temperatures between
250 and 300°C after a dean Nb surface oxygen expaosure
( 0.1 Torr /2 hours ). According to this paper and
Halbritter [8], the BCS deaease is due to the dedron
mean free path reduction resulting from oxygen diffusion
in Nb bulk (the dieledric oxide NbyOs is unstable &
300°C).

In the same way, in our case, interstitial impurities like
oxygen dislved into the different surface layers [9],
could cause the Rgcg deaease. At 100°C the oxygen
diffusion in Nb is not negligible (0.3 nm/h).

As for the Rres , the cause is more speaulative and could
be due, acoording to Palmer [10], to a surfaceroughening,
instead of a formation of a NbO conducting layer, or of
loses induced by a non stoechiometry in the NbyOs
dieledric layer. We don't express a view about that,
athough the NbO layer does san to take part in the
residual resistance

3.3 Magnetic Field Dependence of Energy Gap
We have, for the first time, obtained a cntroll ed change of
the Qg dope. Before any attempt to explain that, it is
necessry to analyse the slope origin.

The Qg dependence on the accéerating field is
exponential. As it happens, Rg depends on the magnetic
field through the energy gap A [11]]. Infad, if T<<T.,
A= Ag[1 - a(H/Hgp)?] where Hyy, is the aiticd magnetic
field for the SC bulk, a is a function depending on the
ratio of the SC thicknessto the magnetic penetration depth
( d/A ) with a maximum value of 0.213for d/A=3.3. The a
expresgon is smplified for the extreme limits. d>>A
(bulk), a = A/d, so A = Ag, and <A (thin film) where a
0 d?/A2, that has been experimentally verified [12]. When
d<5Y2), the magnetic field dependence on A is a second
order transiti on.

On Fig.3 we @mpare the experimental vaues with
the cdculated Qg ( Egcd curve by wusing the
relationship

Rs = Ryes + AIT exp [ - Ag/kT ( 1- B2/ B'¢2 ) ] where
B'c= B/ a2, B'c is the only fitting parameter since
B = 4.10%ccand T are the experimental data , Rres, A
and Ag being determined by the fit of the Rs(1/T) data &
low field. The experimental curves are well fitted by this
formula with around 180 mT for the B'. value of the
unheded cavity, and higher values after heding (Tablel).

3.4 Implied Superconducting Layer

The heding consequences (B'c increase and Rpcs
deaease) involve asimultaneous deaease for a and d/A .
So, two conditions sould be satisfied 0<0.213and d/
A<3.3, and the superconducting medium feaures gould
be: Tc >> 15K, Bp<83mT and d< 3.3 A ( that isto say
lower than about a 100 nm ). Such a superconducting
medium is not different from the NbOy ( x < 0.01) layer,
built up by the oxygen injeded into the Nb surfaceduring
the dieledric Nb,Osg growth [9].

4 CONCLUSION

A Nb subsurface layer NbOy ( x < 0.01 ) seems to be
involved in the Qp(Eacd dope observed for high
acceerating fields, through the energy gap dependence
with the magnetic field generated at the surface

The different results adchieved by the superconducting
cavity heaing have shown an eledron mean free path
incresse resulting from an oxygen diffusion into the
superconducting material. As a cnsequence we observe
an Rpcs deaease and high field Qg slope smoathing. In
the next future we plan to increase the heaing time and to
change the palishing chemicds to verify if only oxygen is
involved in the impuriti es diff usion.
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Figures 1: Temperature dependence of the surfaceresistance before () and after heding ( ¢, x, A ) for the two heaing
cycles.
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Figures 2: Quality fador versusthe accéerating field before () and after heding ( ¢ , x, A) for the two heaing cycles.
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Figures 3: Experimental points approximation, for the seaond heaing cycle before (

the relationship Qo=G/Rswhere Rg= Ryes + A/T exp[-Ag/kT (1-B2/B':2)] with B'¢ as the only fitti ng parameter.

) and after heding ( A), by using



