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▪ Project Overview
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▪ The FEL Design
▪ The e-beam specifications
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▪ Facility location/design

▪ Applications & Research Directions

▪ Short-term (year 3+)
▪ Mid-term (year 5+)
▪ Long-term (year 10+)
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Can. J. Phys. 97: vii–x (2019) dx.doi.org/10.1139/cjp-2019-0238



PROJECT OVERVIEW
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Overview What is a FEL? Research DirectionsLocation & Timeline



The History
▪ Initially conceived in 2014.

▪ Workshops at TRIUMF and CLS

▪ Leadership team established
▪ Can. J. Phys. Editorial (2019)

▪ Successful CFI, ORF, BCKDF 2023
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Scott Hopkins Taka Momose Oliver Kester Francois Lagugne-Labarthet Yunjie Xu

Amy Stevens Mark Boland Travis Fridgen Steve Dodge Donna Strickland

CFI: $6.0 million $3.6 million $0.4 million

ORF: $6.4 million BCKDF: $3.6 million
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German Sciaini Victor Verzilov Mike Ditty Christian Ieritano



The Gap
Closing the THz gap will open new research in areas ranging 

from materials development to astrochemistry
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Linear accelerator-based light sources can provide 
tunable, high-power THz radiation
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THE FREE ELECTRON LASER
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Free Electron Lasers (FELs)
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Accelerator

Diagnostic Beamline

MIR Beamline

FIR Beamline

Kicker

Electron
Gun

U-40

U-68

Chicane
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The IR-FEL at the Fritz Haber Institute

TRIUMF IR-FEL Workshop PAGE  8

Photograph of FHI FEL 

Undulator 

IR mirror 1 

IR mirror 2 

Linac 2 

Linac 1 

Dump 

Far-IR Undulator
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Linac Specifications
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Linac specs summary 

Normal-conducting S-band accelerator: 

 
electron energy:  15 - 50 MeV 

rf frequency:   3 GHz 

bunch rep. rate:  1 GHz 

bunch charge:  > 200 pC 

bunch length:  1 - 5 ps 

macro-bunch length: 15 μs 

macro-bunch rep. rate: 10 Hz 

energy spread:  < 50 keV 

energy drift:   < 0.1% per hour 

norm. transverse emittance: 20 p mm mrad 

beam power:  up to a few kW 

  

Design and construction of linac and e-beamline: 

Advanced Energy Systems, Inc., Medford, NY, USA 
→Talk WEOC04 

     by Alan Todd  

Macro-bunch temporal structure 

Design and construction in consultation with Dr. Alan Todd, AES Inc.

In collaboration with CLS, TRIUMF, and FHI
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IR-FEL Specifications

TRIUMF IR-FEL Workshop PAGE  10

*bandwidth ca. 0.45% (Dl/l)

Specs of FHI FEL 

Mid-IR: IR wavelength:  ~4  –  ~50 mm 

  IR cavity length:  5.4 m 

  IR waveguide:  none 
 

  Undulator:  planar hybrid, NdFeB 

    period:   40 mm 

    number of periods: 50 

    length:   2 m 

    rms-K:   0.5 – 1.6 

Far-IR: IR cavity length:  7.2 m 

  IR wavelength:  ~30  –  ~500 mm 

  IR waveguide:  1-dim. 10 mm height 
 

  Undulator:  planar PPM or hybrid, SmCo or NdFeB 

    period:   110 mm 

    number of periods:  40 

    length:   4.4 m 

    rms-K:   1 – 3 

installed  

and  

commissioned 

projected 

Mid-IR IR wavelength:

IR cavity length:

Undulator:

4 – 50 mm  (75 – 6 THz; 2500 – 200 cm–1)

5.4 m

planar hybrid, NdFeB

period:
# periods:

length:
rms-K:

40 mm:
50

2 m
0.5 – 1.6

Far-IR IR wavelength:

IR cavity length:

Undulator:

10 – 100 mm  (30 – 3 THz; 1000 – 100 cm–1)

7.2 m

planar hybrid, NdFeB

period:
# periods:

length:
rms-K:

110 mm:
40

4.4 m
1 – 3

**based on output achieved at FHI (state of the art).
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IR-FEL Specifications
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Overview What is a FEL? Research Directions

Lower e-beam energies

Longer wavelengths

l / 
mm

ഥ𝝂 / 
cm–1

Bandwidth

Dl Dഥ𝝂 

4 2500 ±0.009 ±5.64

50 200 ±0.113 ±0.45

100 100 ±0.225 ±0.23

Location & Timeline



LOCATION & TIMELINE
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Project Timeline (Years 1-5)
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Location – North Campus
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Preliminary Concept Drawings (now under revision)
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RESEARCH DIRECTIONS
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Short-term (Year 3+): e-beam techniques
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Linac

Lamp

dump

liquid cell

monochromator

PMT

Pulse radiolysis:

Nature Communications volume 14, Article number: 4767 (2023) 

Time-evolution of reactions

https://www.nature.com/ncomms


Short-term (Year 3+): e-beam techniques
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Ultrafast Electron Diffraction (UED):

Science, 7 Oct 2021, Vol 374, Issue 6564, pp. 178-182

(gas phase)

Synchronized with 
IR beyond year-5.

https://www.science.org/doi/10.1126/science.abk3132


Short-term (Year 3+): Imaging
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Imaging of thin film biological 
samples reveals native structure

Adeno-associated virus 
imaged with e– microscopy 

(200 kV)

Gold nanoparticles imaged 
with e– microscopy (300 kV)

Coupling with IR-FEL enables pump/probe 
experiments to observe real-time motion of atoms

e.g., structure & dynamics of drug-protein complexes

German Sciaini



Short-term (Year 3+): IR techniques
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Infrared Multiple Photon Dissociation (IRMPD)

2D (LC×DMS)-MS/MS of PFAS mixture

Isomers!

Trends for 
chemical 
“families”

Chromatographic-, mobility-, 
and mass-selection

3,3,3,2-tetrafluoropropionic acid

3,3,2,2-tetrafluoropropionic acid

Applications in:

• Environmental monitoring
• Metabolomics
• Lipidomics
• Proteomics



Short-term (Year 3+): Biomarkers
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Non-invasive 
sampling of tear fluid

Diabetes w/o diabetic retinopathy (n = 30)
Diabetes w/ diabetic retinopathy (n = 25)

Mass Spec + ML identifies 
biomarkers of DR

IR spectroscopy identifies 
unknown metabolites



Short-term (Year 3+): Partnerships
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Mid-term (Year 5+)
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• 2-colour pump-probe operation

• e– pump / IR probe (& vice versa)

• High-resolution mass spectrometry

• Velocity map imaging

• Coulomb explosion imaging

Canadian Centre of Excellence in Infrared Imaging and Nanospectroscopy

• NanoIR Spectrometer

• Confocal IR microscope

• Confocal Raman microscope

Francois Lagugne-Labarthet Ian Burgess



Mid-term (Year 5+)
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• 2-colour pump-probe operation

• e– pump / IR probe (& vice versa)

• High-resolution mass spectrometry

• Velocity map imaging

• Coulomb explosion imaging

Francois Lagugne-Labarthet Ian Burgess

Canadian Centre of Excellence in Infrared Imaging and Nanospectroscopy

• NanoIR Spectrometer

• Confocal IR microscope

• Confocal Raman microscope



Mid-term (Year 5+)
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The Origin of Life & the Search for Extra-terrestrial Life

Benchtop lasers

WaterFEL
120 mm

Taka Momose Ilsa Cooke

Homochiral genesis in space

Evidence of biosignatures in exoplanetary atmospheres

James Webb Space Telescope



Long-term (Year 10+): Possible Directions? 
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Compact Neutron Scattering Source: Compact X-FEL:

Neutron source based on a proton linear accelerator.



DISCUSSION
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Overview What is a FEL? Location & Timeline Research Directions

1. Sourcing & procurement (in general).

2. Gun procurement & front-end design.

3. RF frequency and structure design.

4. Possibility of repurposing existing magnets, diagnostics, etc.

5. Beam position monitor fabrication.

6. Undulator design, mapping, and fabrication.

7. Qualified optical fabricators.

8. Building/facility design.

Points for discussion:
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Thank you!



EXTRA SLIDES
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1. THz FEL bunker. 277.3 m2 (2985 ft2); 15.1 m × 19.0 m This area will accommodate: (a) the THz 

FEL accelerator, undulators, and the diagnostic electron beamline, (b) the laser seeding setup 

(objective 1.3), and (c) the electron beam station (objective 3.1). Laser seeding and e-beam 

experiments will be conducted remotely when the THz FEL is operating. 

2. Power service room. 126.3 m2 (1359 ft2); 11.2 m × 11.2 m. This area (d) will accommodate the 

modulators, klystrons, power supplies, etc. for the THz FEL.

3. Optics base. 11.0 m2 (118 ft2); 3.3 m × 3.3 m. This area (e) will accommodate the calibration and 

power monitoring instrumentation for the THz FEL. It is a diagnostics lab for monitoring the FEL 

THz output. (Could be in RAC-1)

4. IT and Control Room. 32.6 m2 (351 ft2); 3.4 m × 9.6 m. This area will accommodate (f) the IT 

and controlling instrumentation for the THz FEL. (Could be in RAC-1)

5. DMS-MS laboratory. 38.8 m2 (418 ft2); 5.5 m × 7.0 m. This area (g) will accommodate the DMS-

MS mass spectrometer, which will be used to accomplish objective 3.2.

6. Cooling water service room. 32.6 m2 (351 ft2); 3.4 m × 9.6 m. This area will accommodate (h) the 

deionized water-cooling system for the THz FEL.

7. Expansion areas (left of floor plan). Mass spectrometry suite. 108.8 m2 (1171 ft2); 11.2 m × 9.7 m 

plus a storage area of 3.8 m × 3.8 m. This area will accommodate future mass spectrometry-based 

experiments. Surface science suite. 125.5 m2 (1351 ft2); 11.2 m × 11.2 m. This area will 

accommodate future surface and materials science experiments.

Space Requirements:

Christine Hancock
Plant Ops
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Governance:
IR-FEL is a UW core facility:

• Safety
• HR
• Finance
• Etc.

Under UW 
umbrella

BB-THz infrastructure:

O&M under TRIUMF umbrella

Management Committee:
Hopkins

Momose

Kester

Boland

Strickland

Santoro (external; industry)

Dr. Domenico Santoro

Dir. Research

USP Technologies Inc.

Adj. Prof. UWO
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Infrastructure & Personnel Budget:

*Personnel salaries from IOF (committed)
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