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Purpose of the study

Excitation curves of bulk Nb cavities show 3 different “anomalous
behaviors” in absence of field emission:

Q, t Medium field Q-slope
/

.

Low field Q-slope

High field Q-drop

Peak surface field
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 Low temperature baking allows to change
the surface composition on a nanometer
scale

We studied the variations of the
cavity excitation curves and of Its
basic superconducting parameters
after baking at  several
temperatures for a fixed amount
of time
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Measurements set-up &
procedure

e Measurements on one single cell CEBAF
original shape at 1.467 GHz

e Cavity equipped with an iInput variable
coupler and four calibrated Cernox

thermometers

e Two Nb samples are prepared with the
cavity, one Is attached to the test stand.
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Cavity preparation and tests for each baking temperature:

a) 20min degreasing, 1min BCP 1:1:1 with fresh acid (=
7/ um removed)

b) =~lhr HPR, assembly in clean room class 10,
evacuation to 108 mbar

c) Surface resistance measured between 4.2K and
1.37K. Baseline Q, vs. field tests at 2.2K, 2K, 1.37K

d) Surface resistance and frequency shift measured
between 6K and 280K with a network analyzer

e) Baking for 48hr, temperature controlled within 1°C
f) Points ¢) and d) repeated
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Thermometers
frame

Sample location

Variable
coupler

The 2 samples (1 baked, 1 not baked) are
measured for their hydrogen content with

the Nuclear Reaction Analysis method iIn
SUNY Albany, NY
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Results

—= [=1.37K » T=2K

g
+ T=2K(120C 48hr bake) * T=1.37K, 120C 48hr bake « T=2.2K, 120C 48hr bake
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Surface resistance between 4.2K and 1.37K

+ Data
- data - 120C 48 hr bake — BCS fit - 120C 48hr bake
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Frequency shift between 6K and 9.5K
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Surface resistance between 6K and 9.5K

+ data — BCS fit
e data - 120C 48hr bake — BCS fit - 120C 48hr bake

1E-03 -

T.=9.24K
1E-04 | AKT, = 1.94

Surface resistance [ohm]

| = 1050 nm
s ‘ After 120C 48hr bake
P o ‘ T.=9.216 K
AKT, = 1.95
e | =332 nm
1E'05 T T T T I T T T T I T T T T I T T T T I T T T T I T T T T |
8 8.2 8.4 8.6 8.8 9 9.2
Temperature [K]
11th SRF Workshop, Travemiinde, September 8th — 12th 2003 <L Herean Pt

- - -



Surface resistance between 9.5K and 280K
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= T=1.37K + T=2K

e T=1.37K,(160C 48hr bake) a T=2.2K, 160C 48hr bake e T=2K, 160C 48hr bake

1.0E+11 -
rlll ll-.........
SRR 00J5L. e ey Quench
BRSSPy : =P
$ & *e 3
,‘." ® 0o, b X T Q-drop .l
OJO 1.0E+10 - :O::A OA 000t 00000228 009 5 @ o, o, 03,)40+"7'=;07! H——
* oz ’O‘l
A ‘I
A *
A=A 0,’
5 L 4
A
A
1.0E+09 f f f f f f f f f I f I f I f I f I f I f | f |
0 10 20 30 40 50 60 70 80 90 100 110 120
Bpeak [mT]
11th SRF Workshop, Travemiinde, September 8th — 12th 2003 <L Herean Pt

-



« Data —BCSfit -« Data-160C 48hr bake —BCS fit - 160C 48hr bake
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BCS surface resistance variation vs. baking temperature
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Residual surface resistance vs. baking temperature

¢ Before baking

m After baking

Dried horizontally for 24hr with IR lamp
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(Energy gap at OK)/k T, vs. baking temperature

¢ before baking m after baking
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Surface RRR vs. baking temperature

¢ before baking m After baking
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Mean free path variation vs. baking temperature
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Tendency of superconducting parameters after baking

Rgcs at 4.2K T, l
Ryes at B,=4mT ) RRZ{eStﬁ())nm l
Rs at 2K, By=4mT | (40nm depth)
A(OK)KT, (40nm 1 (300nm denth
depth) (300nm depth) 1
A(OK)KT (300nm _
depth) = M0K) |
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Main gases partial pressures during baking
eH2 mH20 A
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NRA hydrogen depth profiling on Nb samples

—— #2 ——#3 - 90C 48hr bake
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Models comparison

Hydrocarbons, impurities
Nb,O., dielectric
+—NDbO, (0.2<x<2), metallic

\ Hydrogen

NbO,-precipitates (0.02<x<0.2)

e reduction of mean free path due
to oxygen diffusion

e above =100°C, the surface oxide
layer starts to be depleted and
converted to the metallic sub-
oxides

e Hydrogen iIs released from the
Nb-oxide interface

After UHV baking at
T>100°C, t > 24hr
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Low field Q-slope

» Before 120C bake a After 120C bake
e Before 140C bake o After 140C bake
1 Before 160C bake = After 160C bake
11 +1 J. Halbritter: Rg = a/B#+D fit
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Medium field Q-slope

1. Ry=Ry[1+y(B,/B.)?]  (From Ginzburg-Landau theory,
J. Halbritter)

2. Ry=a+DbBg (Taylor series in magn. field to 15t order)

3. R,=R/(1- C-B,?) (Taylor series in temp. to 1%t order,
B. Visentin) C =1v/B?

Model (1) gives the best fits for the data at 1.37K and at
2.2K. The linear dependence (model (2)) iIs the best fit
for the data at 2K
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o T=2K m T=1.37K
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Yimeas Before baking | ¥yyq,5 After baking
1.37K 1.95 3.46
2K 1.05 218
2.2K 14.4 19.8

At T=1.37K, Rges = 0.4nQ, R > 4nQ

R = Rres— resO'[1+Yres'(Brf/Bc)2]

« v and low field surface resistance data before baking allow to estimate
thermal conductivity k and Kapitza resistance R, at 2K: x = 6 W/(m-K),

Ry = 1.25:10" (m2K)/W.

e The 50% increase in vy after baking could be explained by 1 order of

magnitude increase in R, and x = 1 W/(m-K). Are we missing something?

o T>2.17K, heat transfer limited by He | properties.
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High field Q-drop

1) Interface Tunnel Exchange with dielectric oxide layer (J. Halbritter)
Ry =a+ b-exp(-c/Ey) Electric field effect
2) T increase at RF surface + Energy gap reduction (K. Saito)
i,
A T+CB, J2-B,
S — € + Ryes
T+C-B,

A, B, R, obtained from R vs. T fit > Magnetic
field effect

R

res

3) Global Heating (B. Visentin)
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¢ Data — 1) Halbritter —2) Saito — 3) Visentin

55
a=4.8nohm
b =4.1e8 nohm
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o 2
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Same conclusions on the 2K data and on the 1.37K and 2K data in
the test before 160°C baking
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Influence of residual DC magnetic field:

o T=2K - 2mG T=1.37K - 2mG

o T=2K - 8mG T=1.37K - 8mG

o T=2K - 32mG = T=1.37K - 32mG
+ T=2K - 140mG = T=1.37K - 140mG
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Conclusions

* R, has a quadratic dependence from B (also seen in Nb thin films)
UHYV baking at T>100°C for 48hr:

 Improves the Q4(2K) at low field by as much as 20%

» Mean free path and Ry are largely reduced

« RF measurements are an excellent tool complementing surface
analysis results and giving a good picture of what Is happening on
the Nb surface

e the influence on the residual resistance and the medium field Q-
slope is not clear yet

e the high field Q-drop is eliminated and ITE model best fits the data
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