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Abstract 
FACET at SLAC provides high charge, high peak current, 
low emittance electron beam that is bunched at THz 
wavelength scale during its normal operation. A THz light 
source based coherent transition radiation (CTR) from 
this beam would potentially be the brightest short-pulse 
THz source ever constructed. Efforts have been put into 
building this photon source together with a user area, to 
provide a platform to utilize this unique THz radiation for 
novel nonlinear and ultrafast phenomena researches and 
experiments.  

INTRODUCTION 
   Being a long-time underutilized portion of the 
electromagnetic spectrum, terahertz (100 GHz ~10 THz) 
spectral range is experiencing a renaissance in recent 
years, with broad interests from chemical and biological 
imaging, material science, telecommunication, 
semiconductor and superconductor research, etc. 
Nevertheless, the paucity of THz sources especially 
strong THz radiation hinders both its commercial 
applications and nonlinear processes research. FACET —
Facilities for Accelerator science and Experimental Test 
beams at SLAC— provides 23 GeV electron beam with 
peak currents of ~ 20 kA that can be focused down to 100 
µm2 transversely. Such an intense electron beam, when 
compressed to sub-picosecond longitudinal bunch length, 
coherently radiates high intensity EM fields well within 
THz frequency range that are orders of magnitude 
stronger than those available from laboratory tabletop 
THz sources, which will enable a wide variety of THz 
related research opportunities. Together with a description 
of the FACET beamline and electron beam parameters, 
this paper will report FACET THz radiation generation 
via coherent transition radiation  and calculated photon 
yield and power spectrum. A user table is being set up 
along the THz radiation extraction sites, and equipped 
with various signal diagnostics including THz power 
detector, Michelson interferometer, sample stages, and 
sets of motorized optical components. This setup will also 
be presented. Potential THz research areas including 
studies of magnetism, ferroelectric switching dynamics, 
semiconductor devices and chemical reaction controls 
have already been proposed for the FACET THz area. 

FACET BEAMLINE 
Originally proposed as a facility to support research on 

plasma Wakefield acceleration using both electrons and 
positrons, FACET uses the first two kilometers of the 
SLAC linac to produce electron beam with energy in 
excess of 20 GeV and very small emittance. At Sector 20 
-------------------------------------------------------------- 

*Work supported by DOE contract DE-AC02-76SF00515. 
#wzr@slac.stanford.edu 

in the existing linac tunnel, a new beamline is under 
construction with a bunch compressor, final focus system 
and experimental areas appropriate for plasma Wakefield 
acceleration research. Upstream of the focal point an 
optical table has been added where THz radiation is 
extracted and can be utilized for additional diagnostics 
and user driven THz experiments. Figure 1 below shows 
the schematic of the FACET beamline [1].  

 

 
Figure 1: Schematic of the FACET beamline, a zoom-in 
at the Sector 20 experimental area, and a table of FACET 
nominal beam parameters. 

 

   FACET provides beamline hardware and systems that 
allows high charge, high peak-current beam operation. 
The table in Fig. 1 lists beam parameters for nominal 
FACET operation. At full compression, FACET offers 
~3.2 nC charge per pulse at energy of 23 GeV, with 3% 
FWHM momentum spread and 30 Hz repetition rate. The 
bunch length is adjustable from 10 um to 100 um (33 fs to 
333 fs). Such an intense electron beam can radiate an 
enormous amount of photons at wavelengths comparable 
to the bunch length via coherent transition radiation. 

COHERENT TRANSITION RADIATION 
Transition radiation is emitted at the interface when an 

electron travels into a different media. If the electron 
beam has longitudinal structure, electrons in the beam 
will emit coherently at wavelengths comparable to that 
characteristic length, and total radiation power will scale 
as the square of the charge number N. The fact that 
FACET beam carries N= 2 x 1010 charges bunched at tens 
of micron length ensures a high THz photon yield when 
the beam passes through a foil. A schematic of THz 
generation by inserting a metallic foil into the beam is 
shown in Fig. 2. The insertion angle is 45° so that the 
photon emission propagates transversally out of the 
electron beam trajectory. The foil planned to be used is 1-
um thick Titanium foil spanned over a one-inch circular 
aperture. There will be two foil insertion sites on the 
FACET THz table for double THz extractions. They are 
2.7’ apart from each other, empirically far enough for the 
electron beam fields to reform after the first CTR foil.  
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