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Superconducting Radio Frequency (SRF) Cavity
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Increase Q => decrease Quality factor vs Peak Field

required power
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RF test results at 2.0 K for the 1.497 GHz, 5-cell HC cavity after different surface preparation processes.
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Defects/Processes limiting SRF Performance

1. Surface Roughness t
2. Pits
3. Welds Spatial
4. Grain Boundaries Position
5. Nb Oxides
6. Hydrogen Poisoning Cavity Temperature Map
7. Magnetic Impurities e
8. Trapped Flux
Bulk of Nb ‘"‘;?;‘;‘;” A. Goissel D Reschie

(DESY, 2008)
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Near-Field B ; Microscope
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Why Harmonics?
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D. E. Oates, Y. D. Agassi, B. H. Moeckly,
|[EEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 17, NO. 2, JUNE 2007

2) Superconductor is the main
source of Nonlinearity

. RF Characterization
. Localized / No Edge Effect
. Can Measure Flat Samples of any shape
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Bulk Nb Sample

Deformed (€ ~ 0.4) single crystals
pulled apart,
Etched for 10 min
then welded back together

Sample prepared by Tom Bieler,
Michigan State University

heat diffused along length

]

| []




Microwave Microscd ‘ e and Sample
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Bulk Nb Data: Closer look at Dip
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I5—

R

digy (Mormalized)

Nb Film on Copper samples from CERN

* Deposited by high-power impulse magnetron sputtering (HIPIMS)
e Highly Granular (grain size around 10 nm)
* 1umNb/Cu

HIPIMS [ [ [
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Nb on Copper samples from CERN
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Third Harmonic Response (uV)

Fifth Harmonic Response (uV)
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Similar Results Seen on Bulk Samples

Ingot Nb from Ciovati/JLab
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Bulk and Film samples can show either periodic or non-periodic harmonic response depending on location
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Current Driven Resistively and Capacitively
Shunted Josephson Junctions (RCSJ) model

RF Magnetic Field .
® & (g) R K & RCS] Model l I,sin(wt)
T """"" = — — !
®y 006
V= ﬁg — | 5% 4(t) R%
. ] |
NbO, (x<1) 7T
T.<2K _
1 [,sin(wt)
J. Halbritter, ” On the Oxidation and on the Superconductivity of
Niobium,” J. Appl. Phys. A 43, 1 (1987).
®oC 046 [ i 0 05 _
Alternative proposal o gz Tlesmo+ o R, 0t wSin(wt)

(Kubo and Gurevich, Monday talk)
J. McDonald and John R. Clem, ” Microwave response and surface

R .
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Solution to the RCSJ Model

®,C , b, 006 _
el + [-sind + ZanE = [, sin(wt)
Short Junction Approximation
All Dimensions Perpendicular to the field << A,
. Dy 06 .
(IcR,)sind + ot (I,Ry)sin(wt)

I-R,, - Fitting Parameter
I,R,- ScalingFactor * Input RF Field Amplitude (a.u.)

o(t) = V(t) » V3q
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V, (uV)
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Example Solution to the RCSJ Model

For IR, = 20ul’
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Third Harmonic Response (mV)
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Nb on Cu Data 121
measured at f =2.2 GHz
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Junction Critical Current
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A(0) = 1.55 meV for Nb

Nb Film on Cu
Ag= 0.25meV
T. = 6.78K

280 _ 0.85
kgT,

( I I

x 2AO
kT

NbO, (x<1)
Te<2K

= Bulk Nb
. Ao= 0.823meV
T. = 9.281K

= 2.06

8.5

26



Other Sources of Nonlinear Response

RF Vortex Entry and Motion in the Superconductor

PHYSICAL REVIEW B 77, 104501 (2008)

Dynamics of vortex penetration, jumpwise instabilities, and nonlinear surface resistance

of type-II superconductors in strong rf fields

A. Gurevich! and G. Ciovati®
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FIG. 2. Snapshots of an expanding vortex semiloop emerging
from a surface defect (black dot). The quicker expansion of the loop

I

--------- Data at T=5.1K
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—TDGL Vortex Semiloop Model
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Normalized TDGL Equations
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Horizontal RF Dipole Above Superconductor
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Horizontal RF Dipole Above Superconductor
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TDGL Harmonic Response May Explain Onset of V;; in Nb Films

T=85K k=1,1=1.675
Dipole Height =12 A
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1 | I T I
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>»We validate the existence of weak-links on the surface of Nb

»Magnetic Microwave Microscopy can be used to extract local
T. and Effective BCS Gap at the weak-link

» TDGL Simulations are being performed to study “pedestal”
data on thin films

»Raster Scanning over known defect while imaging onset field
»Measurement of multilayer/single layer samples
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Bulk Nb Data: Multlple Periodicity in Harmonic Response
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V3f (uVv)

V3f vsZ setpoint Combined
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V3f vs X setpoint (Combined)
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Superconducting Sphere in a Uniform Static Magnetic Field
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Static Magnetic Field In and Around a Superconducting Sphere
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(EBSD) Local misorientation maps for “hot” (left) and “cold” (right)
regions. Green color corresponds to 2° mis-orientation, blue - Oe.

Optical profilometry 3-D images (850 um x 640 um) of the hot
(left) and cold (right) samples.

A. Romanenkt , G. Eremeev, D. Meidlinger, H. Padamsee “Studies of the high field anomalous losses in
small and large grain niobium cavities”, Proceedings of SRF2007, Peking Univ., Beijing, China

45




RCSJ Simulation

25 R Nb on Copper Data
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Vv, (uV)
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Dip# 0 / Period
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RCSJ Simulation
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Getting A from Junction

SIS Junction Assumed:

A
ICRTL - Z

Solve for A

A
tanh(

2k T

)

Ambegaokar-Baratoff

2.00

1.32

I

1.00
IC‘.A—B(O)

Kulik-Omel’yanchuk

Ambegaokar-Baratoff

0 0204 06 08 1.0
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