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Speed 3:

World’s shortest burst of microwave

radiation detected in California

by Greg Smestad

I someone told you that nitrafast microwave
bursts were detected in L.A., you might tiink
that they were signals from extraterrestrial
civilizations or the basis for next disaster
movie from Hellywood. But researchers from
two southern Californiz universities have
combined glectrostatics and relativity to pro-
duce pulses of microwave radiation that are
in the range of 6 to 50 GHz in frequency,
which corresponds to 5-cm to §-mm wave-
lengths. This would not be noteworthy, ex-
cept that the pulses are approximately
6 cycles long and the bandwidth-imited mea-
sured pulse daration was less than 750 ps.
Using their new resalts, the researchers hope
to sharpen the view produced by radar sys-
tems as well as to explore the processes oc-
curTing in supernovae.

‘The microwave band radiation is produced
from what is called a do to ac radiation Con-
verter, or DARC. "A relativistic iopization front
passing through a capacitor array with a pe-
riod of 1-cm produces tunable radiation in the
Ka band in an orgamnic gas,” explains Patrick
Minggli, a researcher at the Univ. of Southern
California (USC) in Los Angeles. Togetherwith
Tom Katsouleas, Roland Liou, Peter Lai, and
Jerry Hoffman of USC, and Johr Dawson, War-
rer Mori, Chan Joshi, and Robert Brogle at the
University of California Los Angeles (UCLA),
the team has also proven that big-tudget phys-
ics is not the .only way to be on the cutting
edge of science. In contrast to visible laser
systems that may use a Ti:sapphire laserin a
seif-mode-locking operation to produce 6.5-Is
pulses,! the new microwave laser system uses
an optical switch provided by a organic gas
plasma. The device, first concezvedby!)awsmx.

Mo, and K.arsoukus, ope:a}gsx
tally new ways compared
ultrafast systems.. .

The heart 5f the devxce s 4 six
torpedo-shaped microwave cavity sectioned
into separate capacitor plates. Each set of
plates is biased with a pelarity opposite that
of its ne1g;hbormg plates. The organic gas
within the cavity is then jonized by frequency:
quadrupled YAG laser pulses {266-um wave-
length, 50 ps in duration) {o {form a plasma.
Contrary to what one. might initially think,
the sxcitation and energy source i not the
ineoming YAG laser heam, which serves only

to rapidly ionize the | gas to form & plasma. «
The energy instzad comes from the de power -

sourte feeding the capacitors, which operates

e en

leng " it} to a conductor as the laser pulse dreal
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Figore 1. DARC schematic,

Illgnm 2. Ka.b.md device mdforahortpuise
and spectra meastrenients, with capacitor (ieft,
abave quarter) for ancther Ka-baud structure.
Thesﬁncmreapianedmaglasstnbetha.t
serves as vacumn chamber (s in Figure 2). The = b S vited aut of the capacitor array .
1o be detected. In the Ka-band case, & dif-
- fraction grating (with centimeter-spaced
lines) then separates the {requencies of the

laser puise comes from the right, or bottom,
and the microwave exits into the Ka-band
wavegmide. There is & thin window gride; red
and b!ackwu‘es are bigh votage wires,

fs-a photacondnctor Hhat &
nstulator {before fhe laser,

the plasma_ The static longwavelength ¢l
“trc field, which exists witiin the cavity be-
fore the laser pulse, is altemd by ‘the rapid-
-production of plasma and nve

the las{er
“trowave half cycles
geuerated bythc subseq enfiéspac.x‘_tm and

*a.tbetween .100 and 1000v Jhe orgamc ga.st :
Fwitches

;. Ghirp].. -
: Bcca.usc some pf the wodns fuuded i:y.

are added together
{superimposed) to
create an output mi-
crowave pulse that is
compressed com-
pared with the static
field. James Glanz,
writing for Science,*
likkened the process to
a musician's accor
dion. The radiation
slows down due to the
presence of the

way that light is
siowed down when it
passes from ar to a
medinm of higher refractive index such as
glass or water. The waves then lock fore-
shortened fo an observer at rest with respect
to one traveling with the cutput beam. It is
this relativistic aspect that allowed the team
first to calculate that short bursts of radia-
tion could be produced this way.® The re-
searchers then went on to verify their pre-
dictions* and to build an apparatus from 12
pairs of copper electrodes embedded int a
kigh-dielectric-strength kel-F plastic mate-
rial, and later from a Ka hand wavegiide (se

‘Fig.1). 2

The mmzed ga,s [1‘0:' example. azulene or
tetralns[d:methylammo}etby’]sne TMAE] is
stopped by a glass barrier, but the microwave

incréasing or. decmaéwg the number of

Plates. Tom Fatsonleas sxplained it by con- -

toﬂmgﬂxe distanca-between the plates and

- thesapplied voltage, “designer radiation” -
pulses can he-prodaced and tailored tempo- .-

rally as weil - m “the freqnency domam

the 1.8, Alr Force Dffice of Sciemific; Re:

search and DOE, it is hoped this aspect will .

Eeadtoshm‘tbuxstoodedmﬂmrymmmum-

cations that are more difficult to jam.-7The -

c,ostefthe cavxtywasa.mere 5100 wrth_the
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plasma similar to the.

* opening up applications in material charac-

no, wonder that When':i‘om %atsouleas is”
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picosecond laser icnizer bringing up the cost
by approxzimately $100,000,” explains
Katsouieas. The whele system is small
enough to fit on a lab bench and it is hoped
that the decreasing cost of ultrafast visible
laser systems will allow the DARC to find
numerous applications.

Future applications include pulsed radar
with which it is hoped that one could image
gold or other valuable minerals within a host
rock material. Because the pulses occupy 1
in in space, they can be used in precise time-
of-Bight measurements to do remote sens-
ing. Other applications of the theory that led
to the device include studies of plasma phys-
ics. Plasma is the fourth state of matter, along
with liquid, gas, selid, and the most abun-
dant form of matter in the universe, yet it is
poorly understood. 1t is thought that radia-
ton sources working en the same principle
as DARC could exist in the chaotic gases sur-
rounding supernovae bathed in cosmic back-
ground radiation.

As for future breakthroughs, it is hoped
that the wavelengths and not the pulse du-
ration can be improved. Because the mea-
sured puise is less than 750 ps and the fre-
quency is 50 GHz + 15-percent bandwidth,
the pulse is said to be trapsform Hmited and
governed by the Heisenberg uncertainty prin-
ciple from quamtnm mechanics. Although the
device operates near the limit of what is pos-
sible in terms of time compresgsion, the goal
is now to extend the wavelength range avail-
sble to include the infraved {Teraherz or THz},

texization. With all these applications, itis -

ﬁ'e'busy,‘ lies that Jike the.
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