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CERN SRF cavities: Nb film (a few um) on Cu

HIE-ISOLDE
DC-bias
sputtering

A Several advantages compare with bulk Nb
A\ | i) No global quench (k¢, = 400 W/mK)
i) Mechanically stiff
" iii) Cheaper raw material
I iv) Insensitive to the external magnetic field

Mechanically,
thermodynamically,

and economically
better than bulk Nb!

How about the
superconducting
properties?

Use HIE-ISOLDE project data
for systematic analysis ‘

LHC
DC-magnetron
sputtering




-1B-SEM cross section imaging

1.85 KV, InLens

1.85 kv, EsB 1pm 1.5kV, EsB



-1B-SEM cross section imaging

Fine grain structure (<< 1um)

- Parameter determination without literature of clean bulk Nb

Material parameters

1.
. London penetration depth A,

3.

BCS coherence length &,

\Vlean free path [

4. Coupling Ay/kgT.
- Based only on experimental results and BCS theory
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1pm 1.85 kv, EsB 1 pm 1.85 kv, EsB

1pm 1.5kV, EsB
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Non-equilibrium BCS theory Tor Z, calculation

BCS model Hyes

Fundamentawequation of QF T

Gor'kov equation
Not solvable!

APProXi- 2 it cory (AK

Approximation 1

1st order perturbation = Linear response
Established non-equilibrium theory

Quasi-classical

€r)

Eilenberger equation

Approxi. 3 | Dirty limit (I « &)

Usadel equation

Approxi. 4 Gurevich theory
PRL 2014

Meissner state
VG =0

Valid at low RF field

Dirty limit

Mattis Bardeen’s
last formula

Low field limit




RF data fitting by BCS impedance

Theoretical calculation

i Surface resistance Rges(T; &g, A, L, Ay /kgT,)
Effective penetration depth Ages(T; &g, A1, L, Ay /kpT,)

Experimental data

" Surface resistance Rigtq = Rs(T) — Ry o
Shift in resonance frequency Af(T) «< AA(T)

y2 to be minimized

O [Roes(T)) — Raara ()| - [AABCS(T) MG
5 —Z[ o1, ) ] “ ‘JZ ()




RF data fitting by BCS impedance
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Correlation among parameters = Simultaneous fit required

Example: 4D hyper-surface - 2D cross-section in éy-4; plane (1=99 nm, Ay/kzT. = 1.7)

10 15 20 25 30 35 40 10 15 20 25 30 35 40
g, [nm] g, [nm]
Surface resistance and penetration depth cannot determine (&,,4;) individually
- Intersection by merging y? may give the true solution (See Sam Posen’s PhD thesis)



Aid by Merged y?
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(&0, 1) is still strongly correlatec
Xlzzs(fo;l)

Surface resistance and penetration depth depend similarly on (&, 1)
- Merged y? does not help to confine the fitting parameter

- RF surface impedance measurement cannot determine parameters
- An independent observable is necessary 10



B.,(T) 2 &:.(T)> (&, 1) by BCS-Gor'kov

Ginzburg-Landau theory gives

__ %o =
Pex1) = e, (12 3
1
T)
(1) o e

2 Bcz(T - Tc) <1 - (T/Tc)
The tangential linear fit @ T, was done

BCS-Gor’kov theory expanded near T, gives

L ( dBCz)_CIDO T, 1+0882 1] 1
o\ dT ) 2m0.7392 |27 U E I R(D

where 1 = R(0) < R(l) < R() = 1.17
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* data
— BCS-Gor’kov

o

- From the fitted slope another constraint on
(¢o0,1) was obtained for arbitrary impurity
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L. P. Gor’kov, JTEP, 9, 1364 (1959).
T. P. Orlando, et al., Phy. Rev. B 19, 4545 (1979).
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Combination of RF measurement and magnetometry

True
solution

50 100 150
| [nm]

BCS fitting of RF impedance and B, by BCS-Gor’kov are complementary



Result

Preliminary
Best Worst 25 3 35 4 45 6657758859 95
cavity cavity T [K] T [K]
cavity 1 cavity 2 PCT uSR DC 4-contact [13] [15]

gonm  29(7)  28(7) 36(4) 39 :

AL nm  26(7)  28(7) 29(3) 32 The data was well fitted

[ nm 09(25) 139(30) 05(27)  6-1300

Ao/ksT. 1.7(1) 1.5(1) L1.6(6) 1.87 1.75-1.93

Ryes nf2 11.8 9.0 T. Junginger, et al., accepted by Supercond. Sci.

T. K 9.6 9.6 9.54 8.95-9.2 Technol. (https://doi.org/10.1088/1361-6668/aa8926

To K 6.3 7.1

Aeff NI 31 32 29(5)

[13] C. Benvenuti, et al., Physica C 316, 153 (1999).
[15] J. P. Turneaure, et at., J. Supercond. 4, 341 (1991).



Discussion: weak A,

 RF + magnetometry fitting showed weak A,
| PCT result averaged over the cavity surface

ol A=1.34+0,5meV  Direct but Iocal_measurement of Ay by Point
Contact Tunneling (PCT) showed broad
histogram of A, and even zero gap states

- The HIE-ISOLDE film may have some issues

DC-bias sputtering
Coating parameter
Geometry

15+

Counts

00 02 04 06 08 10 12 1,4 1,6 1 . Contamination
A [meV]

« The worst performed cavity showed even lower A,
« A rather huge (2mm) feature found on the inner

antenna after the chemistry (degreasing, SUBU)
 Contamination to the film?




Toward understanding of the Q-slope problem

Common issues in Nb/Cu 'c - HIE ISOLDE caV|t|esé~>45K
" 12 A
cavities 2 Q-slope problem

Elliptical 1.3 GHz cavity @ 2K
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Q-slope & BCS correlation = Q-slope & parameter correlation 2 common catise?




Summary

« The surface impedance of the HIE-ISOLDE cavities were fitted by
BCS theory

« Strong correlations among the material parameters were pointed
out and partially eliminated by simultaneous fitting of surface
resistance and penetration depth

* The upper critical field measured provided another constraints
with BCS-Gor’kov theory

 The material parameters were determined and well fitted the data

* Physics interpretation is important especially because systematic
study for Q-slope is desired



packup



Surface impedance Z : non-equilibrium statistical physics

Output =
current

Non-stationary
phenomenon \ /

Reaction coefficient = impedance

A definition of surface impedance The huge E,(z = 0_) does not appear
Ex(z=0)

fzozoj.X(Z,)dZ’
Ex(O) From Ampere’s law

TH,(0) H@= j J(2)dz!

Z,(w,TE)=

y

Z
boundary condition

= R, +iX, Definition of surface resistance and reactance Zli_)fglo|i(z)| =0

Averaged R, can be obtained by cavity quality factor Q, and geometrical factor G
Rs = G/Qy



Magnetization M (B) measurement by SQUID

Meissner state Mixed state
Sample M(B) x —B Pinning effect
measurement " A
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The upper critical field B, (T) is a precise observable by M(B) measurement
(thermodynamical critical field B.(T) and lower critical field B.,(T) are less precise) 19



