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Where	we	left	at	SRF	2015

First	Nb/Cu	coating	by	
energetic	condensation	
showed		
• a	strongly	mitigated	Q-slope	
• (still)	low	trapped	flux	

sensitivity	
• strong	dependence	on	the	

cool	down	dynamics

Summary 

15/09/2015	 sarah.aull@cern.ch	 13	

	

with	a	Q-Slope	
comparable	to	bulk	

niobium	at	4	K	

	

severely	affected	by	
thermal	currents	

	

still	less	sensitive	to	
trapped	flux	

A	bulk-like	Nb/Cu	film…	
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Thermal	Boundary	Resistance	Model

• Small	defects	at	the	Nb-Cu	interface	lead	
to	microscopic	quenches	which	cause	
the	Nb\Cu	Q-slope.	

• Q(Eacc)	curve	can	be	converted	into	a	
distribution	function	of	thermal	contact	
resistances.

sarah.aull@cern.chThin	Film	Workshop	2016

V	Palmieri	and	R	Vaglio,	
Supercond.	Sci.	Technol.	29	(2016)	015004

Tc

RNb/Cu

Nb

Cu

Integration	yields	
detached	surface	area:
I =

Z
f
�
RNb/Cu

�
dRNb/Cu

3

mailto:sarah.aull@cern.ch?subject=
https://www.jlab.org/conferences/tfsrf2016/program.html
http://iopscience.iop.org/article/10.1088/0953-2048/29/1/015004/pdf


Thermal	Boundary	Resistance	Model

• Small	defects	at	the	Nb-Cu	interface	lead	
to	microscopic	quenches	which	cause	
the	Nb\Cu	Q-slope.	

• Q(Eacc)	curve	can	be	converted	into	a	
distribution	function	of	thermal	contact	
resistances.

sarah.aull@cern.chThin	Film	Workshop	2016

V	Palmieri	and	R	Vaglio,	
Supercond.	Sci.	Technol.	29	(2016)	015004

Tc

RNb/Cu

Nb

Cu

Integration	yields	
detached	surface	area:
I =

Z
f
�
RNb/Cu

�
dRNb/Cu

Conversion is not a fit 

Difficult to test experimentally
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Examples	of	Detached	Surfaces
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Thermal	Contact	Resistance	of	the	ECR1

• Compare	TBR	analysis	for	RF	measurements	on	the	ECR	coating	
at	different	temperatures	and	frequency	combinations.
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Same result for all 
curves supports 

validity of TBR model

mailto:sarah.aull@cern.ch?subject=
https://www.jlab.org/conferences/tfsrf2016/program.html


Testing	the	Thermal	Contact	Resistance	Model

• Compare	TBR	analysis	for	RF	measurements	on	bulk	Nb	reference	
at	different	temperatures	and	frequency	combinations.
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No meaningful 

result for bulk Nb
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TBR	Analysis	for	HIE-Isolde

Compare	Q(E)	at	2.5	K	
and	4.5	K:	

HIE-Isolde	cavities	
shown	also	same	
distribution	function	
for	for	different	
temperatures
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Consistent with  
• thermal boundary resistance being 

a main Q-slope contributor 
• mitigated Q-slope for improved 

microstructure due to energetic 
condensation.
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Cool	Down	Dynamics:	Thin	Film	Workshop	2014
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Simulation	of	Cool	Down	Dynamics

• Heat	transfer	simulation	with	COMSOL	to	study	cool	down	
dynamics	in	the	Quadrupole	Resonator	geometry.	

• Temperature	dependent	material	properties	for	Nb,	Cu	and	
stainless	steel.
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the slower the cool down, the bigger the 

temperature gradient across the surface
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Influence	of	Cool	Down

• The	low	field	surface	resistance	increases	for	slow	cooling,	
resp.	large(r)	temperature	gradients	

• The	higher	the	low	field	resistance,	the	stronger	the	Q-slope.	

• The	influence	of	an	ambient	field	is	negligible.
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Flux	Trapping	or	Flux	Expulsion?

A	solenoid	under	the	sample	
allows	trapped	flux	studies.
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All	ambient	field	is	trapped	
up	to	a	threshold	field	above	
which	field	can	be	expelled
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Flux	Trapping
• Below	the	threshold	field,	all	field	is	trapped	independently	of	

cool	down	dynamics.	

• The	dependence	on	cool	down	dynamics	is	significantly	
stronger	than	losses	due	to	trapped	flux.
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Flux	Trapping
• The	dependence	on	cool	down	dynamics	is	significantly	

stronger	than	losses	due	to	trapped	flux.	

• ECR	coating	still	shows	low	trapped	flux	sensitivity

SECR (400MHz) = (0.022± 0.001) n⌦/µT
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400	MHz,2K

SECR (800MHz) = (0.075± 0.009) n⌦/µT
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400	MHz,2K

SECR (800MHz) = (0.075± 0.009) n⌦/µT

What causes the strong surface 
resistance dependence on cool 

down dynamics?
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ECR2
• Measure																																																			for	three	different	thermal	

cycles.	

• Fit	with	

• Find	unchanged	superconducting	gap	—>	re-run	fit	with	
common	∆
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Effect	of	Thermal	Cycling

• BCS	factor	strongly	increases	
with	residual	resistance	

• 		

• Hint	towards	strong	magnetic	
fields?	Due	to	thermal	currents?
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Conclusion
• Analysis	of	various	RF	data	in	combination	with	FIB-SEM	supports	

that	adhesion	plays	the	key	role	in	curing	the	Q-slope	in	Nb/Cu.	

• Consistent	picture	for	Nb/Cu:	Temperature	gradients	when	
crossing	Tc	increase	low	field	surface	resistance.	

• Magnetic	flux	expulsion	only	above	threshold	field.	

• No	correlation	(so	far)	between	cool	down	rate/temperature	
gradient	and	amount	of	flux	expulsion.	

• Effect	of	temperature	gradient	significantly	stronger	than	
trapped	flux.	

• Thermal	cycling	appears	to	change	the	effective	penetration	
depth.	
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