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Why Superconducting RF cavities?

Low power dissipation
High gradient in CW or
long-pulsed operation

Less number of cavities
(less beam disruption)
Shorter accelerator (cost
saving)

Cavity design with large beam
tube

Beam stability
Higher beam current
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Superconductivity

Discovered by Kamerlingh
Onnes in 1911

Drop to zero in electric
resistance of Hg at 4.2 K
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Complete Diamagnetism

Magnetic field expulsion from the material below Tc (Meissner state)

For SRF applications operate in the Meissner state
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Magnetic Flux Quantization

Quantization of the flux field

Type-II superconductors

Φ0 = 2.067 · 10−15 Wb

Φ = n · Φ0
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2-fluid model of Superconductivity

Current density in the metal has
a normal and superconducting
component:

J = JN + JSC

The number of normal electrons
increases with T as:

N(e) ∝ e−∆/kBT

2∆ is the superconducting
energy gap.

Sosa Güitrón (ODU-Jefferson Lab) MEPAS-2 Guanajuato, México November 14th, 2015 12 / 75







Theory of Superconductivity (BCS)

Attractive interaction between free electrons, mediated by lattice
phonons.

J. Bardeen, L. Cooper, R. Schrieffer, Phys. Rev. 108, 1175, 1957.
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Thermodynamic Critical Field

Superconducting state lost above a critical value Hc of magnetic field

From BCS theory:

Hc(0) =

√
0.472γ

µ0
Tc
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Niobium

Tc ' 9.1 K

Hc ' 200 mT

Chemically inert

Easy to machine
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Cavity Fabrication

Figure: a) Deep drawing and b) single-sheet spinning.
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Figure: Dice for half cell elliptical cavity deep pressing.





Cavity Testing

Figure: Q vs E of one of the best single cell Nb cavities.
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Multipacting and Choice of Geometry

Resonant process in which secondary electrons are generated,
absorbing input power and hitting the surface of the cavity.

Acts as a potential barrier and is present only at certain frequencies.
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Field Emitters

Figure: a)SEM micrograph of a particle purposely left in the Nb cavity. b) Same
site shown after applying an RF field of 75 MV/m.

Sosa Güitrón (ODU-Jefferson Lab) MEPAS-2 Guanajuato, México November 14th, 2015 44 / 75



RF processing

Figure: a)SEM micrograph of a starburst at a processed defect site and b) zoom
into the center region, In was identified at this location.
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Figure: a)Temperature mapping of a 1.5 GHz cavity, a temperature increment is
observed in region 1 due to thermal breakdown. Locations 2,3,4, correspond to
field emission. b) SEM micrograph at site 1 shows a defect: Cu particle partially
melted in Nb.
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Thermal Breakdown

Limits the maximum magnetic field to be excited in the surface of the
cavity.

Originated in surface defects, order size is millimeters.

When the local temperature at some defect location exceeds Tc of
the superconductor, power losses increase significantly.

As more regions lose superconductivity, thermal breakdown increases;
thus decreasing the quality factor of the cavity.
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Centrifugal Barrel Polishing

Reduction in the needed
quantity of hazardous chemicals

Simple technology and
inexpensive
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Cavity Processing: High Pressure Rinse



Buffered Chemical Polishing

Etches Nb surface, removing
impurities and reducing the risk
of thermal breakdown.

HF : HNO3 : H3PO4 at 1:1:2

Control the reaction through the
acid temperature.

Removal rate of 1 µm/min
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Electro-Polishing

HF : H2SO4 at 1:9

Anodization of Nb in H2SO4

forces growth of Nb2O5

F− in HF dissolves Nb2O5

Removal rate of 0.4 µm/min

Overall, a most homogeneous
surface
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Figure: Micrograph comparison between a Nb surface processed by a) BCP and
b) EP.



Low Temperature Baking
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Clean Room

Laminar flow of air keeps
particles away from SRF
components

Strict protocols of operation
inside the Clean Room

Users are the most considerable
source of contamination
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Vertical and Horizontal Testing

Vertical Testing

Material
Fabrication Techniques
Preparation recipe

Horizontal Testing

Power couplers
High Order Mode absorbers
Cryomodule
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Cavity in a Cryogenic Module

A cryogenic module is the final container of the cavity, ready for
transportation and installation at an accelerator facility.
Dewar, used in Jlab’s Vertical Test Area.

Figure: Scheme of the interior of a cryomodule.
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Alternate SRF materials to Nb

Tc [K] Bc [mT] Bc1 [mT] λ [nm]

Nb 9.2 200 170 40
Nb3Sn 18 540 40 85
NbN 16.2 230 20 200

MgB2 40 320 20-60 140
Ba0.6K0.4Fe2As2 38 500 30 200

Table: Superconducting properties of attractive SRF materials.
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Rs comparison of different materiales

Figure: Rs for Nb, Nb3Sn and High Tc ceramic.
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Nb3Sn Cavities

S. Posen, M. Liepe, Proc. PAC 2013, THOBA2
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Multilayer Structures

Field enhancement of Nb by thin films of high Tc superconductors

A. Gurevich, Appl. Phys. Lett. , 88, 012511 (2006)
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Multilayer Structures II

A. Gurevich, Appl. Phys. Lett. , 88, 012511 (2006)
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Nitrogen Doping

Cavity baking with N2, followed by BCP:

A. Grasselino et. al. , (2013)





Jefferson Lab SRF Institute

Active research in:

Elliptical cavities for particle acceleration

Low β and deflecting cavities

LCLS-2 Cryomodules

Superconducting films as alternatives to bulk Nb

High Q performance
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Final Comments

Steady progress in SRF science and technology over the last few
decades

More than proven and reliable technology

More efficient than normal conducting for some applications

Still many topics to understand and improve current technology
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