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Twenty watts of terahertz

erahertz radiation, also known as sub-

micrometer radiation, is the latest fron-
tier in the electromagnetic spectrum. Coher-
ent sources produce electromagnetic waves
extending from wavelengths of 100,000 km
to 0.1 um, but until recently the region
between around 100 and 300 um had no
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has achieved an average output of 20 W
using relativistic electrons from a linear
accelerator, or linac (Nature 2002, 420, 153).
The new method begins with the pro-
duction of a picosecond-long pulse of elec-
trons generated by exposing gallium
arsenide to a femtosecond laser. The elec-
trons are then fed into the 30-m-
long linac at the Jefferson Lab’s free-
electron laser (FEL) to boost their
energy to 40 MeV. The accelerated
electrons are bent by a magnetic
field into a 1-m arc. As they are
accelerated through this curve, they
radiate in the terahertz range.
Although the number of electrons
in each pulse is comparable to that
produced by existing techniques,
the amount of energy each electron
radiates increases as the fourth
power of the relativistic factor, or of
the energy. For 40-MeV electrons,
this means a 200,000-fold increase
fj in power over subrelativistic elec-
trons. With a repetition rate of
37 MHz, the Jefferson Lab’s FEL
linac produces a 5-mA current and a
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good coherent sources. Such terahertz
waves have a range of potential applications,
especially in biomedicine, where they can be
used to analyze surface proteins of living tis-
sues to provide instant “biopsies” for dis-
eases such as skin cancers.

Current methods of producing teraherz
radiation, however, yield a limited average
power of only about 1 mW. A pulse of light
from a femtosecond laser, for example, can
accelerate electrons to high-peak-power
pulses, but the total amount of radiation
from each pulse is low, and so is average
power output. Now, a collaborative effort
among three national laboratories—
Brookhaven (Upton, NY), Lawrence Berke-
ley (Berkeley, CA), and the Thomas Jefferson
National Accelerator Facility (Newport News
VA), commonly called the Jefferson Lab—

The efficiency of the entire system
is greatly enhanced because after the
electrons radiate, they are fed back
into the accelerator to decelerate them
back down to 10 MeV. Thus, about three-
quarters of the energy of the electrons is
fed back into the power supply, reducing
total power input by a factor of 4.

“Of course, a 30-m-long accelerator is
not a practical source for medical diagnos-
tics,” says Gwyn P. Williams of the Jeffer-
son Lab, one of the researchers. “But we
are currently looking at what the minimum
parameters needed for adequate power are.
We expect that we will be able to reduce
accelerator length to 2 to 3 m and perhaps
the cost to that of an MRI scanner.” The
team is now working with Advanced Ener-
gy Systems (Medford, NY) to develop a
compact system for commercialization.

Such a terahertz scanner could detect
skin cancer on a patient without a biopsy
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and substitute spectral analyses for biopsies
in endoscopic procedures such as colono-
scopies. (Terahertz radiation does not pene-
trate tissue well, so it cannot probe for dis-
eases located much below the surface.)
Because terahertz radiation does penetrate
cloth and paper easily, other possible appli-
cations include security scanners.
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The pyroelectric camera used to measure the beam profile was the Spiricon Pyrocam III.




