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Low field Q-increase
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Experimental results: T dependence
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Experimental results: baking effect
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Low temperature baking enhances the low field Q-increase
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Experimental results: R, effect

CEBAF OC SC 1.48 GHz, 1.37 K
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Residual resistance
increased by increasing
the residual DC magnetic

field

e Low field Q-increase
diminishes at higher
residual resistance
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Halbritter's model on low field Q-
Increase

* Quasiparticles driven out of thermal
equilibrium with phonon bath

T=2K, B, =2 MT, f=1.5 GHz

peak

Quasiparticle absorption rate 1/t , = 2 GHz

Quasiparticle relaxation time 1/t, = 0.03 GHz

=> 1/t,>1h,

J. Halbritter, Proc. 10t Workshop on RF Superconductivity, Tsukuba, Japan,
(2001), p. 292
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Niobium cavity surface | N
. Hydrocarbons, impurities

«——Nb,O_,, dielectric
T NbO, (0.2<x<2), metallic

NbO, -precipitates (0.02<x<0.2)

NbO, introduces localized states inside the
energy gap A < Ay,

> higher Ry

At higher fields the quasiparticles A < Ay,

are driven out of the localized states restoring
Anp @nd yielding a decrease of R...

SURFACE STAT.
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* Absorbed rf power per unit area:

|:>:%H2 :{ncﬂ,lr(g)ha)dg
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Quasiparticles inside the Nb gap are driven out of
thermal equilibrium yielding by
local transfer of energy to phonons.

n, = density of states
A = penetration depth

|, = quasiparticles relaxation rate

> R, ocl/H?
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R,=a/B+Db
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» Quasiparticles with E > Ay, are in thermal equilibrium
with the phonons because they can easily transfer their

energy to the He bath (I, >> wall thickness)

» 1/t c T35 ==> further absorption/relaxation rate
mismatch at lower temperatures =—=> low field Q-

increase enhancement

» More NbO, clusters are formed after baking
—> a/B,?increases

» High residual resistance means strong quasiparticles-
phonons coupling and therefore reduces the Q-increase

effect
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Medium field Q-slope
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Models for medium field Q-slope

* Quadratic R, vs. B,
Rs — RS(15mT) [1 + Y(Bp / Bc)z] B.=200mT
e

Medium field Q-slope

Y = 1 means 25% increase of surface resistance between 15 and 100 mT
V(T) = Rges(T)BL2AKT[d/x(T) + Ry (T)]
d = wall thickness, k = thermal conduc., R, = Kapitza resistance

J. Halbritter, Proc. 38t Eloisitron Workshop, Erice, Italy, (1999), p. 59
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 Linear R, vs. B
R,=a+ bB,
\

Medium field Q-slope

peak

J. Halbritter: hysteresis losses due to Josephson fluxons
penetrating weak links

Rhys oC 00Brf
Weak links Iin the niobium due to oxide channels

J. Halbritter, J. of App. Phys., to be published, and J. Supercond. 8, 691 (1995)
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d, = 82 nm length of RF penetration across the junction
A; = 565 nm Josephson penetration depth

@, = h/2e unit quantum flux

Boy = 20y/m?d A, = 9 mT Josephson fluxons start to penetrate at this field
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Josephson fluxons, differently from Abrikosov - ==
fluxons (SC mixed phase), do not have a
normal conducting core —
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SNS B=0.61 6-cell 805 MHz cavities
at 2.1 K
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No correlation between medium field Q-slope and residual resistance

Medium field Q-slope y
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SNS B=0.81 6-cell 805 MHz cavities
at 2.1 K
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TESLA 9-cell 1.3 GHz cavities at 2 K
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CEBAF 7-cell 15 GHz cavities at 2 K
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Medium field Q-slope: T dependent

BT=1.37K & T=2K T=2.2K
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G. Ciovati, Journal of Applied Physics, 96 No 3, 1591 (2004)
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Medium field Q-slope: baking effect
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» Increase of medium field Q-slope by baking

» Change from quadratic to linear R, vs B, dependence
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Possible causes for Q-slope

* Heating of rf surface

& Q-slope is T dependent

@D; Higher Q-slope on SNS cavities (3.8mm
thick, vs. TESLA and CEBAF 2.5-2.8mm thick)

EJ Higher thermal conductivity (HT > 1200°C)
reduces Q-slope

¥ Thermal model (K. Saito, D. Retsche, G. Ciovati)
does not account for all of the Q-slope
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) Kapitza resistance effect:

« Higher Q-slopes obtained when cavities are baked
flowing hot N,+air than He gas.

e Quter surface of CEBAF cavities not etched,
TESLA and SNS cavities are

e Extrinsic source of losses

) Surface contamination
P No correlation between Q-slope and R,

. Hysteres1s losses

= Oxide channels deeper in the Nb after
baking — more weak-links — hysteresis
losses (linear Rq vs. B)) prevail
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Final remark

* Large scatter in medium field Q-slope
values for the same cavity production

all the sources for medium field
Q-slope are not clear yet and the
parameters that influence them are not
under control

PV VoV v

Argonne Workshop, September 22t — 24t 2004 = Yelfersan fub—=

-l - -



