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Superconductivity for accelerators

Particle accelerators use superconductors to steer and increase the energy of charged particles

Bending Magnets of the LHC

Superconducting 
Radiofrequency (SRF) 
cavities of the LHCCross section of wire with  

NbTifilaments in a copper 
matrix
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Particle Acceleration with cavities
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1. Acceleration with radiofrequency cavities requires synchronization of 
particles and RF field. Outside of the cavity the approaching particle bunch 
does not experience the RF field

2. The particle bunch enters the cavity. The electric field is pointing in the 
direction of the beam axis Ą The particle is accelerated 

3. The particle bunch leaves the cavity. The field direction has changed 
again
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Faraday's law of induction: ♩ ╗ ‐
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Å Cavities are used to accelerate particles by an alternating electric 
field

Å An oscillating electric field causes an oscillating magnetic field
Å The cavity confines the electromagnetic fields by surface shielding 

currents
Å These currents create losses (heating), which can be reduced by 

using superconducting materials

Why is niobium the material choice 
which requires costly  helium 
cooling?
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Two types of superconductors

Material Lead Nb NbTi Nb3Sn

Bc[T] 0.07 0.2 0.2 0.52

Bc1[T] - 0.17 0.01 0.05

Bc2[T] - 0.24 11 28

Bsh[T] 0.08 0.24 0.16 0.44

A type II superconductor can split into normal and superconducting areas to lower its energy
ÅMagnetic fields partially enters into the normal conducting areas in the form of flux tubes 
ÅUnder DC fields flux tubes can be pinned ς> no dissipation
ÅSC magnets are operated between Bc1 and Bc2

ÅUnder RF fields flux tubes oscillate ς> strong dissipation
ÅRF cavities are operated in the Meissner state
ÅFor defect free surfaces the Meissner state can persist metastable up the superheating field Hsh

Bc
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SRF Accelerators in Canada
TRIUMF

Canadian 
Light 
Source

ISAC-II
ARIEL e-linac
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TRIUMF ARIEL e-LINAC - Reliable 30MeV Operation
Stable 30MeV operation is critical for Radioactive 
Ion Beam (RIB) production:
ÁRIB yield is strongly dependent on beam energy 
ÁTRIUMF is operating at 30MeV (3 cavities each 

delivering 10 MV/m) ςat the lower end of the yield 
curve

Field emissions from contaminants in the SRF 
cavity limit RF performance to lower ╔╪╬╬
ÁPrevention and mitigation critical to keeping 

performance high, to keep RIB yield high

Field Emission limits performance to 
Ὁ τὓὠȾά

Clean cavity reaches Ὁ ρπὓὠȾά
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TRIUMF ARIEL e-LINAC - Reliable 30MeV Operation

Plasma cleaning
ÅCurrent cleaning procedures 

are done ex-situ (2-3 months).
ÅPlasma cleaning allows for 

an in-situcleaning, which 
reduces cleaning time to ~1 
week. MSc project D. Hedji

What if we could avoid contamination in 
the first place? 
Emitters are ˃ Ƴto sub ˃ Ƴsized 
contaminants Ą dust
Previous studies indicate that dust 
migrates and is charged:

A potential barrier could therefore 
suppress dust migration and tackle 
field emission problem at its source.

PhD A. Mahon
PI T. Planche

MSc. D. Hedji
P.I. R.E. Laxdal
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SRF materials research
Current material of choice niobium is reaching fundamental limitations 

Å Subtle changes in heat treatments have significant influence

Å Surface treatments have only been optimized for electron accelerators (elliptical cavities)

ïTRIUMF has dedicated program to optimize co-axial cavities for heavy ion accelerators

Å Accelerating gradients beyond 50 MV/m require new materials potentially as multilayers
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State of the art niobium cavity performance Co-axial test cavities
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SRF Material of the future
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SRF Material Science

ÅSRF material science is 
about engineering the 
outermost ~100nm of the 
material by coating or 
diffusion 

ÅOur research focuses on 
detecting flux penetration 
with nanometer resolution 
and its correlation to 
material properties

-̡NMR (TRIUMF) enables 
flux penetration 
measurements with 
nanometer depth resolution

Transmission electron microscopy (UVic) and secondary ion mass 
spectroscopy (Surface Science Western) reveal surface structure 
and elemental composition

R. Laxdal, R. McFadden, E. Thoeng, Md Assaduzzaman, W. Stokes, L. Wallace  
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