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The MAGNETIC PROJECTILE LAUNCHER would use 
magnetic flux compressed by a superconducting plunger in 

order to accelerate superconducting projectiles

A MULTISEGMENT LAUNCHER would transfer a larger fraction of the 
total kinetic energy of the plunger to the projectile

NASA, Tech brief., March 91
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Magnetic Levitation

In absence of a superconductor, the magnet and its 
image produce the same field distribution
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NIST_Maglevwww.boulder.nist.gov...index.html.mov

In 1842, Samuel Earnshaw proved what is now 
called Earnshaw's Theorem, which states that
there is no stable and static configuration of 
levitating permanent magnets.

(See Earnshaw, S., On the nature of the molecular forces which regulate the constitution 
of the luminiferous ether., 1842, Trans. Camb. Phil. Soc., 7, pp 97-112.)
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Transrapid Test Facility in Emsland, Germany
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The Transrapid Test Facility first opened in 1984 at Emsland, Germany. Several generations of 
Transrapid trains have been tested on the 31.5-km track since then. The Transrapid 07 has 
covered a distance of more than 550,000 km at Emsland. More than 220,000 paying passengers 
from all over the world have ridden Transrapid on demonstration runs at speeds of up to 420 km/h. 
On June 10, 1993, the Transrapid 07 established a world record for passenger-carrying maglev 
vehicles when it reached a speed of 450 km/h (279mph). The Transrapid 08, a 3-section, 
passenger train began operating in 1999 and was built to obtain the type approval certification 
required for commercial operations. Designed for 550 km/h operation, the new train is lighter, more 
aerodynamic and quieter than its predecessor, the Transrapid 07. 
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Maglev trains that wrap around their 
guideway are Maglev Monorails
(photo courtesy of Transrapid)
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By Radiofrequency one can accelerate particles to high 

energy without the need of the equivalent high static fields
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Chain of weakly coupled pill-box cavities 
representing an accelerator module

Coupled pendula for a mechanical analogous

Zero mode

π−mode

There are N eigen-modes for 
such an oscillating system

( ))cos1(10 qq k αωω −+⋅=

The smallest RF losses
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Normal metals in RadioFrequency and the normal skin effect
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For a semi-infinite conductor that

fills the +x half-space and

has a plane surface at x = 0

THE ELECTROMAGNETIC RESPONSE OF A METAL
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the Surface Impedance is defined as:
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The Anomalous Skin Effect
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International Technology Recommendation Panel of the
International Committee for Future Accelerators (ICFA)

Front line from left to right: 
Akira Masaike, George Kalmus, Volker Soergel, Barry Barish, Giorgio Bellettini, Hirotaka Sugawara,Paul Grannis

Back line from left to right: 
Gyung-Su Lee, Jean-Eude Augustin, David Plane, Jonathan Bagger, Norbert Holtkamp, Katsunobu Oide

BeijingBeijing 2004 2004 -- InternationalInternational ConferenceConference on High on High EnergyEnergy PhysicsPhysics
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La commissione, presieduta da La commissione, presieduta da BarryBarry BarishBarish, aveva il , aveva il 
compito di scegliere tra la tecnologia compito di scegliere tra la tecnologia normalnormal--conduttivaconduttiva o o 

superconduttivasuperconduttiva per lper l’’InternationalInternational LinearLinear Collider (ILC)Collider (ILC)
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“…Both the 'warm' technology and the 'cold' 
superconducting technology would work for a linear
collider... Each offers its own advantages, and each
represents many years of R&D by teams of extremely
talented and dedicated scientists and engineers. At this
stage it would be too costly and time consuming to
develop both technologies toward construction. …”
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“…On the basis of that assessment, we
recommend that the linear collider be based on 
superconducting rf technology…”

Barry Barish

“…We based our decision on a set of criteria that
addressed scientific, technical, cost, schedule, 
operability issues for each technology, as well as their
wider impacts on the field and beyond…”
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“…On the basis of that assessment, we
recommend that the linear collider be based on 
superconducting rf technology…”

Barry Barish

“…Both the 'warm' technology and the 'cold' 
superconducting technology would work for a linear
collider... Each offers its own advantages, and each
represents many years of R&D by teams of extremely
talented and dedicated scientists and engineers. At this
stage it would be too costly and time consuming to
develop both technologies toward construction. …”
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Superconductors in radiofrequency

J = Jn + JS

T =TC;   ω ≠ 0    à RS ≠ 0

PDF created with pdfFactory trial version www.softwarelabs.com

http://www.softwarelabs.com


n
nR n

S λω 2=

Tkn Be
n
n ∆

−

≈

PDF created with pdfFactory trial version www.softwarelabs.com

http://www.softwarelabs.com


Zn = 1 − i
σnδ

= 1 − i
ρn
δ

σ1-iσ2 in place of σn

Surface Impedance and Surface Resistance

For a normal metal in the normal regime:
σn = 1 / ρn = dc conductivity at T

δ = skin depth

As derived by Nam, for T < Tc / 2, Rs can be approximated by:
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Extension to Superconductors:
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In the framework of the BCS theory, for ω < 2 ∆, the complex 
conductivity of a superconductor is:

Mattis and Bardeen Integrals

The two integrals σ1/σn and σ2/σn are easily numerically calculated. 

In the normal skin effect regime, for ħω << 2 ∆
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RBCS

Then, if T < Tc / 2

Empirically, Rres is found to be dependent on ρn too.
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For low rf losses, 

a high TC value is not sufficient

A metallic behaviour
in the normal state is mandatory

Essence of the previous calculations
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Bulk fabrication techniquesBulk fabrication techniques
(Electron cavities)(Electron cavities)

EE--beam Weldingbeam Welding

HydroformingHydroforming

ElectroformingElectroforming

Explosive formingExplosive forming

SpinningSpinning
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20.000 cavities x

9 cells =

180,000 EB weldings x

12 hours / welding =

100 years of manufacture

20.000 cavities x 
24 Kg di Niobium x

500 €/Kg =

240,000,000 € only of bare Nb
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Principle of copper multicell hydroforming at CERNPrinciple of copper multicell hydroforming at CERN
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La Tecnica INFN di Spinning
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Mandrel

Workpiece

Mandrel

Workpiece

Roller direction Roller direction 

Metal flow Metal flow

Forward flowturning
Backward flowturning
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La 3-celle ha lo stesso andamento delle 
mono prima del trattamento meccanico 











Thin film fabrication TechniquesThin film fabrication Techniques

Potential advantagesPotential advantages

ProblemsProblems

Strong reduction of thermal instabilities
Higher Q values (at 4.2K, BCS …)
Reduced magnetic field sensitivity
Reduced field emission ?
Possible use of different “substrates”
Possible use of high TC superconductors
Cost ! 
Lep is operating with 288 4-cell thin film coated 350MHz 
cavities, the overall cost reduction with respect to bulk is 
estimated in 27,000,000 US$

Higher “Q - slope”
(especially for “innovative” superconductors)



Thermal conductivity of best metalsThermal conductivity of best metals



Schematic view of a 500 MHz cavity with diode sputtering Schematic view of a 500 MHz cavity with diode sputtering 
cathodecathode

Nb cathode 
front view 

Nb cathode 
with shieldCu cavity 



Schematic view of a magnetron sputtering configuration Schematic view of a magnetron sputtering configuration 
for singlefor single--cell cavitycell cavity

movable magnet support
freon input

niobium
cathode

freon
input

copper RF cavity

ceramic insulator

freon output

freon flow

stainless 
steel

tube

electromagnet

Pumping system
gas injection





Magnetron sputtering for 4Magnetron sputtering for 4--cell LEP cavitiescell LEP cavities







Ground

Cathode

QWR

The cavity
The sputtering 
configuration



Niobium sputterNiobium sputter--coated QWR coated QWR 



QuarterQuarter--wave resonator with wave resonator with 
magnetron sputtering magnetron sputtering 

assembly.assembly.

Calculated magnetic field Calculated magnetic field 
distribution in the magnetron distribution in the magnetron 

cathode assembly.cathode assembly.
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