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Stanford Linear Accelerator

Jefferson Lab 
Continuous Electron Beam Accelerator Facility
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Argonne National Lab
Synchrotron light source

Generating light in a FEL wiggler
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BESAC - Basic Research Needs to Assure a Secure Energy Future 

Basic Research Needs for the Hydrogen Economy  

Basic Research Needs for Solar Energy Utilization 

Basic Research Needs for Superconductivity 

Basic Research Needs for Solid State Lighting 

Basic Research Needs for Advanced Nuclear Energy Systems 

Basic Research Needs for the Clean and Efficient Combustion of 
21st Century Transportation Fuels 

Basic Research Needs for Geosciences: Facilitating 21st Century 
Energy Systems 

Basic Research Needs for Electrical Energy Storage 

Basic Research Needs for Catalysis for Energy Applications 

Basic Research Needs for Materials under Extreme Environments 
Slide courtesy Pat Dehmer
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Ultrafast, ultrabright, tunable THz/IR/UV/X-Ray light 
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Free Electron Laser

* Courtesy of Matt Poelker. CEBAF Polarized Source Group. 
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General  

Purpose 
PLD Micro 

fab 
THz 

Lab 

Dyna- 

mics 
Nano/ 

NASA 

Optics/  

Materials 

Current User Facility has 7 Labs 

• Lab1     General set-ups and prototypes 
• Lab 2     Materials studies 

• Lab 3    THz dynamics and imaging 

• Lab 3a   NASA nanofab 
• Lab 4     Aerospace LMES 

• Lab 5     PLD 

• Lab 6     FEL + lasers for dynamics studies  
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JLab IR FEL Electron Beam 

Parameters 
Design Achieved  

Energy (MeV) 145 160 

Bunch charge (pC) 135 270 

Average current (mA) 10 9.1 

Bunch length* (fs)  500 150 

Norm. emittance* (mm-mrad) 30 7 

Max. Bunch rep. rate (MHz) 74.85 74.85 

Max. extracted charge (Coul) - 7000 

60 m 
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SASE (Self Amplified Spontaneous Emission) operation

All electrons emit coherently  ---- brilliance proportional to nel
2

extremely high peak brilliance    ----- fully coherent beam  ----- fs pulses

W. Eberhardt, BESAC Feb. 2009
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JLab 10 kW THz

Synchrotrons

JLab 10 kW FEL

Table-top sub-ps 
lasers

JLab 1 kW FEL
JLab 1 kW THz
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From Target to Product, 100% In-House 

•  Production with 750 W at 1.6 micron is now routine. 

•  Production rate of 2-6 g/hour of as-grown, high quality, 
   “research grade”  raw material is already cost competitive in $400/g market. 

•  Nanotube diameter is strong function of laser parameters, suggesting 
   the possibility of “designer” tubes (selectable diameter likely… chirality, maybe?). 

•  Experimental trends indicate improved gross and net yield with  
   soon-to-be-available shorter FEL wavelengths and higher power (no scale-up issues). 

New and used target 

Product, ~1 hour of beam time 

Mike Smith NASA LaRC 
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Treatment: mirror inside cylinder; rotating engine block 
in series production, 5 simultaneous excimer lasers 

After honing 

After laser treatment 

J. Lindner, AUDI AG 

Reduction of oil consumption (30x) Slide courtesy of P. Schaaf - U. Göttingen
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THz Programs at JLab FEL

• THz lies between electronics and photonics. 

• THz broadband user facility constructed (world’s highest power). 

• Tissue interactions and safety limits. 

• Imaging, movies.  

• Magnetism, dynamics of quasiparticles, spin. 

• Quantum coherence and control. 

• Fundamental optical physics. 

• Localization effects. 

• Coherent Half- and Few-Cycle Sources for Nonlinear and Non-            

Equilibrium Studies. 
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Basal cell carcinoma shows malignancy in red.  Teraview Ltd. 

1 mW  source images 1 cm2 in 1 minute 

100 W source images whole body (50 x 200cm)  in few seconds 
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1LIight Pseudoscalar and Scalar Search Collaboration
Yale Univ., Hampton Univ., Jefferson Lab, Muons, Inc.

The Universe: 
0.5% stars/galaxies 
<10% neutrinos 
~5% e- & protons 
~30% dark matter 
~65% dark energy 

paraphoton-photon
 mixing 

milli-charged fermions

Exclusion Limits
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•

•

•

Reference:
A. Afanasev et al., (LIPSS 

Collab.), 
Phys. Lett. B 679, 317 

(2009).
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We also perform accelerator 
physics research

2 mm 

2
 m

ra
d
 

C. Tennant et al., JLAB-TN 09-021 
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40 m 

6 m 

Courtesy, D. Douglas, JLab 
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JLAMP X-ray Amplifier/Oscillator on Jlab FEL 
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A large scientific community utilizes 
accelerator based light sources to exploit 
capabilities unmatched by conventional 
sources 

Development of new 4th generation light 
sources will further expand this activity 
into higher brightness, shorter wavelength, 
and shorter pulse length photonic R&D 
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2.54 cm

Anodized GaAs photocathode
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12 cm

Semiconductor photocathode
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• Two-Gun Photoinjector - One gun 
providing beam, one “hot” spare

• vent/bake guns – 4 days to replace 
photocathode (can’t run beam from one 
gun while other is baking)

• Activate photocathode inside gun – no 
HV breakdown after 7 full activations 
(re-bake gun after 7th full activation)

• 13 mm photocathode, but use only 
center portion, 5 mm dia.

• Extract ~ 2000 Coulombs per year
• Beam current ~ 100uA, laser 0.5mm 

dia., lifetime: ~ 100C, 1x105 C/cm2

* Courtesy of Matt Poelker. CEBAF Polarized Source Group. 
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