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TRIUMF electron linac for ARIEL project
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A high power 10 mA CW superconducting electron linac 
was constructed at TRIUMF to support production of
radioactive ion beams via photofission.



Installation and Commissioning Timeline
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A tool looks for applications 

• High power commissioning of the electron linac is in progress. 

• The presently foreseen RIB target sustainable power is limited to 
100kW. Two thirds of RF power capacity is not used. Simultaneous 
operation for several different applications is possible, in principle. 

• Photon source is one of them. Due to its parameters e-linac is an 
ideal driver for intense THz/IR photon source. There are only few 
similar accelerators in the world. One of them, ELBE IR photon 
source near Dresden, is successful and looking for expansion.

• The proposal was submitted to TRIUMF planning committee in 
2017. “This may be an interesting future direction, but this new user 

community needs to be engaged prior to investing TRIUMF 

resources.”. 
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Circular vs linear accelerators
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Storage rings have been dominating accelerator 
based photon sources for decades. What linacs can 
add to the field?

Both have their strengths and areas of applications

Storage rings are multiuser facilities offering 
outstanding average currents

As single passage accelerators, linacs are much more 
flexible for beam manipulation, in particular for 
producing ultra short bunches (<100um). Thus, these 
are suitable for high peak current > 1kA applications. 
Linacs typically drive FEL based photon sources.



Normal conducting vs Superconducting accelerators
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Injected RF power goes to accelerated beams and … to heat cavities due to 
surface resistance. In normal conducting accelerators prevails the second.

Normal conducting accelerators are 
generally pulsed and limited by heat 
dissipation,  DC < 0.1%

Superconducting accelerators can 
be pulsed and CW, DC <= 100%. 
Generally limited by power handling

It requires a cryogenic plant to run 
the accelerator.

Only a handful amount of SC linacs 
were constructed and operated 
around the world.



THz/Infrared applications
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Operating  THZ/IR  Facilities
FELIX, Nijemegen, Netherland
NovoFEL, Novosibirsk, Russia
ELBE, Dresden, Germany
IR FEL, Fritz Haber Institute, Berlin, Germany 
FLASH THz beamline, DESY, Hamburg, Germany
THz CUR Beijing University, China
CAEP THz FEL, China
FEL-SUT IR FEL, Tokyo (Japan)
LUCX R&D THz facility, KEK, Japan
ELPH, CUR, Tohoku University, Japan
ISIR-FEL, Osaka, Japan
THz KU- FEL, Kyoto University, Japan
HGHG FEL, ATF NSLS, USA
ENEA Compact FEL, Frascati, Italy
Tel Aviv University FEL, Israel
UCSB, THz/IR FEL, USA

Proposed/Under development
PITZ IR/THz SASE FEL, Germany
FREIA, Uppsala, Sweden
FELiChEM, Hefei, China
THZ FEL KAERI, Korea
TARLA IR FEL, Ankara, Turkey

This is the area where small, low cost linacs 

can compete with storage rings
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Storage 
Rings @IR

Linacs @IR

Size & cost substantial small

Beam energy GeV 10s MeV

Beam current > 100mA 1-100mA for SC RF

User capacity multi single

IR production bends bends/Undulators/FEL

Beam dynamics equilibrium source + adiabatic damping

Operation flexibility limited very flexible
(energy,size,reprate,current)

Coherent emission limited straightforward

Bandwidth broad broad or narrow 

Peak power higher for CR and FEL (10s uJ@ps)

Average power higher for SC RF (1-100s W)



Continued

6/8/2021 Beam-based probes of condensed matter physics, chemistry and biology in Canada 8

NSLS



Coherent action what counts  
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From very basic principles and valid for any electromagnetic 
radiation by an ensemble of charged particles !
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Form factor is the 
frequency spectrum of
the bunch charge

distribution. 

A short ~0.1λ bunch is

required for a full 

coherence. N

Bunches as short as 

100um are required to 

produce  coherently

in the THz region.
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Producing Coherent THz Radiation
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σ=100fs
Q=16pC
ρ=1m
Ψ=π/18
P=50kW

Coherent Synchrotron Radiation Coherent Undulator Radiation

TELBE undulator
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Coherent action can be assisted
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The bunch can be stimulated to emit 
coherently through FEL process. Interaction 
with electromagnetic field in an undulator
may lead to microbunching at the radiation
wavelength and following coherent emission.

FEL Oscillator

SASE FEL amplifier

Pre-bunched FEL
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Elbe facility at Dresden
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Photon source at TRIUMF?

• The example of the ELBE facility is successful but how does it fit to the 

Canadian soil. This is the largest uncertainty and where the input and 

support from the User community are crucial! 

• Idea of a photon source was considered from the very beginning 

(recirculating linac FEL). As it seems presently that the initiative can be 

approached in stages with a THz source for high-field applications 

being the first stage.

• Why a THz source
– We were convinced by ELBE people that this is of interest for international community

– Spectral range has a scientific and industrial potential

– Can compete with laser based sources due to high pulse repetition rate to 1MHz

– A reasonable starting point (low investment, low resource demand) to implement the 

system upgrade that can be used for further developments (FEL, Back Compton 

Scattering X-ray source, etc.)

– Complements the FEL proposal by University of Waterloo.
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Canadian FEL program
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Includes construction of an IR 
FEL at Waterloo and upgrade 
of a number of labs.
$6M for construction of
a THz source at TRIUMF

A program paper published in 2019
by Canadian Journal of Physics

CFI application submitted in 2020

Unfortunately unsuccessful. There will be another attempt the next CFI round



THz pulse energy scaling
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Bunch Charge Radiation pulse energy

100pC ~ µJ 

300pC ~ 10 µJ 

1nC ~ 100 µJ
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Few 10s µJ  correspond to ~ 1MV/cm
which is of interest to high-field 
applications

>200pC bunches of ~ 0.1mm long 
with up to ~ MHz  rep rate are required.



The scope

• New electron source to produce 
high charge bunches at a variable 
repetition frequency

• DC photogun is most attractive
• Since space charge scale as E-2 

higher injection energy dictates a 
high voltage gun and bunching 
cavity(ies) 

• New low-energy beam line
• A magnetic system to compress 

bunches to a final size
• THz production, transport and 

characterization
• Related infrastructure and 

instrumentation
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Beam Parameter THz 

mode

RIB 

mode

Unit

Bunch rep. rate 0.001 - 1 650 MHz

Charge per bunch >200 16 pC

Beam Energy ~20 30 MeV

Bunch Length 0.1 – 1 <10 ps

Transverse 

emittance

<50 <10 mm 

mrad

Beam power <5 100 kW

Energy stability 10-4 10-3

The present electron source is not 
good for a photon source



Accelerator upgrade
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Low energy 
beam line

Bunch compressor 
and THz emitter

500 keV DC gun

650MHz buncher(s)



Laser and infrastructure
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The same laser is to be used for the photocathode 

production and THz characterization.

Should ideally support green and UV photocathodes

Must be synchronized to RF master oscillator to sub 100fs



Stage 3 and beyond
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• Developing a user program

• Expanding capabilities by constructing an IR FEL

• Simultaneous operation RIB and THz/IR beams

• Increasing bunch charge to 500pC - 1nC range

• Increasing the beam energy to > 100MeV

• Expanding the program towards UV and soft X-rays

Possible future layout for 
simultaneous RIB THz/FEL operations

To RIB

FEL
10-30 MeV
50pC@30MHz

30-40 MeV
>200pC @1MHz

2-3MeV

Beam dump

DC gunBooster



kW-level IR FEL
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Very high average 
power tunable IR source.
Up to 1kW was 
demonstrated

Are there applications???



X-ray source
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Up to 105 photons per pulse

Not too intense but short
pulses  synchronized to
the beam and THz



UV range

UV source: decrease the undulator period or increase the beam 

energy
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Beam energy

Undulator period

The energy is likely limited by cost and space but mm-period undulator 
could be thought (for instance intense mm radiation or plasma wakes, 
magnetic microstructures, etc)

For an example, a 50 MeV electron in a 1mm period undulator will emit at 50 nm.



Where the possible focus is?

• Time resolved spectroscopy, 

microscopy, diffractometry

• Fast and ultrafast dynamic 

phenomena

• Pump and probe experiments

• Diverse synchronized pumps 

and probes
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Summary

• A 30-MeV 10mA CW electron linac has been constructed and is being put in 

operation at TRIUMF.

• Although the main application of the accelerator is radioactive isotope 

production, it is very attractive as a driver for a photon source. Simultaneous 

operation is possible, in principle

• Production of THz pulses for high-filed applications is considered in a first 

stage.

• Several components, such as new photon driven electron source(s) and 

bunch compressor(s) are required. 

• Support and engagement from the user communities are crucial to define 

the future scientific program. 
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Canada’s national laboratory

for particle and nuclear physics 

and accelerator-based science

TRIUMF: Alberta | British Columbia | Calgary | 

Carleton | Guelph | Manitoba | McGill | McMaster | 

Montréal | Northern British Columbia | Queen’s | 

Regina | Saint Mary’s | Simon Fraser | Toronto | 

Victoria | Western | Winnipeg | York

Thank you!

Merci!

Follow us at TRIUMFLab


