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ABSTRACT

A lidar for middle atmosphericreseaurch is beingdevebpedat Millstone Hill / MIT Haystak Observatoy (42.6°N,71.5W). The
lidar obtainstemperatureprofiles between30 and 90 km in altitude during the night and up to 70 km during the day by using the
Rayleigh lidar technique. A 1.2 m, /200 steerabletelescopeis usedin both the transmt and receive stagesin this monostatic
instrument. The long (240 m) focal lengthis advantageusfor daytime usebecausef the natually narrow field of view. The lidar
will be sutable for studies aihespheric temperature inversions and gsewaves.

1. Introduction

A lidar for middle atmospheic researchis being
devdoped in the Firepond Optical Fadlity at Millstone
Hill / MIT HaystackObsevatory (42.6°N, 71.5W). The
lidar complements a rich cluster of instrumerts tha
includesanincoheren scdter radarfor upperatmospheic
research(Buonsanto et al., 1992; Goncharenko et al.,
1998, an F-region Falry-Perd interferometer (Sipler et
al., 1991),anall sky Dopperinterferameter (Biondi et al.,
1995), a meted wind radar (Clark and Salah, 1991), an
imageintensfied image (Baumgardner et al., 1993)and
a CCD imager (Smith et al., 2000). The lidar measues
temperduresbetween30 and90 km in altitude at night by
using the standard Rayleigh Lidar techrique.
Tempeaturemeasuemerts during theday currenty reach
70 km in altitude,a limit imposedby the bright surlight
background.

The lidar will be usedto addres a variety of topics
regarding middle atmosphere dynamics. Of particular
interest to our measuremert progam is the detection of
mesosphéc inversiors layers Temperdure inversons
are obseved at midlatitudes nearthe mesopase and in
the lower mesosphergMeriwether and Gardner, 2000.
Sodium layer temperguresmeasuredduring both day and
night by States et al. (1999 and Chen et al. (2000) have
indicaied that chemical heaing cortributes to the
mesopausenverdons. Tempemture inversons at lower
altitudes are causedby other mechaisms, and may be
related to the diurnd tide (Meriwether and Gardner,
2000). Measurenentsthroughou the diurnal cycle will
most clealy reveal the tidal effect, and hencewe have
construted this new lidar. We shouldbe ableto address
the temperatue inversion issueduring winter whenlower
mesosphéc inversion layers appearbetveen 55 and 70
km in altitude {hiteway et al., 1995).

Gravity wave obsewations will also be a focd point
of our studes. Prevous invesigations at Eureka (80°N,
86°W) reveded strong interactons between gravity
waves, the wind background,and the large scalethemal
strudure (Whiteway et al., 1997 Duck et al., 1998,2000a,
2000b). Our new measuramerts will be valuable in
comparson with airglow meaurements obtained on site
andalsowith thereg of the instrument cluste especlly
during Lower Thermosphee Coupling Expeimert
(LTCS) canpdgns.

2. Instrumentation

A scheméc deqcting the corfiguration of thelidar is
presentedn Figure 1 and the system specfications are
givenin Tablel1l. The lidar usesa pulsedNd:YAG laser
transmitting in the visible at 532 nm. The lase bean is
expandednto a 1.2m, /200 steeiable telescopethrough
the Coudé path and directedinto the sky. The 1.2 m
telescopeas also employed asa “monostdic” recever. A
smaller 60 cm, /5.5 telescope,co-mounted and aligned
with the 1.2 m telescope,is usedas a versaile “bistatic”
recever. A photogaphof this telescopesystem is shown
in Figure 2.

Becausdhe monogatic transnitter andreceiver share
a common pah through the 1.2 m telesope, the two
sighalsmug be separéed at some point throughthe useof
atransnit/recave (T/R) switch. The T/R-switch hasbeen
implementedby arrangng a polatizing beam sgitter and
guarterwaveplae in an “optical isolaor” configuraion.
In the transmit phase,the p-polarized light from the laser
passeshroughthe polarizer andis corvertedto a circular
polarizdion by the quater waveplde. Backscdtered
circularly polarized light collected by the receaver is
conveted to s-polaized light by the quater waveplate
and directednto the detetor by the polarizer.
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Fic. 1. Schematicfor the lidar at MIT Haystacl

Observatoy.

Low altitude signal is eliminated throughthe useof a
mechanich chopper (a rotating bow-tie) which is
synchronized with the transnitted laser pulse. The
backgroundlight away from the lasers wavelength is
reducedhroughthe useof a broadbandinterferencefilter
and a mediun resdution solid Fabry-Perotetalon tha is
tunedby angularadustmerts. A spacehasbeenleft in the
mongstaic recever for a high-resdution Fabry-Perot
spectraneter that will be instdled at a later date (see
sectiond4). Signaldetedion is perfamedby using bialkali
photanultiplier tubes (PMTg and fast courting
electrorics.

3. Measurements

A sampe nighttime measurerent of 4.7 hours
duration, obtained during the LTCS campdgn on 28
Septenber2000,is givenin Figure 3. As is shown in the
upperpanel,the signds start at 30 km in altitude (where
the detedor is fully exposed) and then decy
exponentidy to 100 km in altitude. Note that the
backgroundnoise is so low that the top altitude is still
signal limited after 282 minutes of measwemert. A
temperdure profile delived from the signal measuemert
is given in the lower panelof Figure3. A temperdure
inverdon is evidentin the uppe mesephere.

FiG. 2. The dualtelesopesystem housedat the Fireponc
Optical Facility. The structue for the main 1.2m f/20C
telescopeis paintedblue, and the primaty mirror can be
seenin the bottom left corner. The 60 cm, f/5.5 telescop
is perchedatop the main telescope, and is painted in w

Figure 4 shows a temperdaure measurenent obtained
during daytime on 28 Sefenber 2000. The measuement
extends up to 70rk in dtitude,which shoud be sufficient
to obsewe inverdon layers during winter. In the
straospherethe uncetainties remain smdl becawse the
signal levels are as strong as during the night; the
backgroundlevel only contibutes a small amourt of
uncertairty where the signd to noiselevel is high. Thus,
graMty wave measurements of consstert quality are
obtainabé throughotithe durnal cycle.

4, Planned Enhancements

As part of coninued developrrent, we have planned
certain addtions and enhanceents to this lidar. An
impottant god is to obtdn measuramerts to the highest
possiblealtitudes during the day, and so the background
light will needto bereducedas muchasposside. In this
respectthe 1.2m, /200 telescopeis alread/ of particular
use. With aneffective focd lengh of 240m, the telescope
hasa naturdly narow field of view (<0.1 mrad), which
reduces the backgund ight sgnificanty.

In order to lower the backgound even further, two
types ofFabiy-Perotinterferomete's have been acqred.
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Transmitter Specifications

Laser: See@dNd:YAG, Specta Physics GCF
24W, 800mJ/8r5 pulse

Wavelength: 532nm (frequency doubledd:YAG)
Pulserate: 30Hz

Receiver Specifications

Monostatic Telescope: 1.2 m, f/200 Newtoian
Bistatic Telescope: 60cm, /5.5 Newbnian
PMTs: Bialkali, Hamanatsu R2496P
Counters: EG&G Turbo MCS

Interference Filter: 2 nmpassband

Solid etalon: 0.75mm effective spacing

Liquid-Crystal Fabry-Perot: Scientific Solutons Inc.,
1.5 cm effective spacing

TABLE. 1. Specifications dr thelidar at MIT Haystack Observaty.

The first, a “medum resoluion” Fabry-Perot, is a
solid etalon that hasalready beenplacedin front of the
PMT in themonastaic receiver (seeFigure 1). Theetdon
is tunedby anguar adustmentsto maximize theincoming
laser light while eliminating a large portion of the
backgrounchoisecourts. Our succes with this appoach
has provided the impetusto try other solid etalors of
differing thickness.

The secondrFabiy-Perd is a new liquid-crystal etalon
that may be tuned by adusting the voltage acoss its
interior (which changs the liquid-crystal index of
refradion). The gability of thelase / liquid-crystal etalon
pair will be monitored by directing a smdl amourt of the
laser light through the etdon into a fag photodode
detector. The narow bandvidth of the Fabry-Perotwill
maximize the signd-to-noise ratio for daytime
measurenents however, it will be a chalengeto ersure
sufficient throughpt so as to improve upon our curent
altitude limit. Regardess, the liquid crystal etdon is
expectedo alow line-of-sight Doppler measurenents of
winds when the telescopeelevation is lowered from the
vertical. Measuemerts of wind are usefu in the gravity
wave studes since atmospheic waves are strondy
affectedby the backgrounctondtionsthroughwhich they
propagate(Whiteway et al., 1997 Whiteway and Duck,
1999; Duck and Whiteway, 2000).

5. Conclusions

The lidar at Millstone Hill / MIT Haystack
Observéory is now opeationally measuing temperdures
during day and night. Thesemeauranents complement
the alread extensve obsewationd capabiities at the
obsevatoty. Thelidar will be usefd for evaluating issues
regarding mesosphec temperdure inversons, and for
measurenents ¢ atmospherc gravity waves.

28 September 2000, 00:01 - 05:31 GMT
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Fic. 3. A measuremertbtainedon 28 Septenber2000
The raw signal profile igiven in the uppepanelandthe
derivedtemperaturerofile is shownin the lower panel
the solid line repregntsthe measuremengndthe dottec
lines give the uncertainties. The dashedline is a
climatological temperatureprofile for March (Fleming et
al., 1990).
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27 September 2000, 11:11 - 12:20 GMT
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Fic. 4. Daytime lidar observatias for 27 Septenbe!
2000.
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