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Abstract. To identify the effect of meteor showers on the molecular content of
the upper atmosphere of the Earth, we have carried out ground-based observations
of atmospheric HCN. HCN radio observations at CSO (Hawaii) on Nov 18/19,
1999, the night after the second Leonid shower maximum, show unusually low HCN
abundances above 45 km altitude, which are only recovered after sunrise. We also
investigated UARS/HALOE satellite data on HoO and Os. No correlation appears
of year round H20O and Os; around 55 km with annual meteor showers, nor with
meteor activity at the time of the 1998 Leonid shower.
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1. Introduction
Earth and planets are not isolated fram terplanetary space. Inter-
planetary DuBt articles (IDPs)  ter continuously into the Earth’s
atmospheas sporadic metesrs metesiro wers up to a total es-

timatednoun  t of 20-40,000 tons/year (Love and Brownleb93;
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130 DESPOIS ET AL.

Mauret€98). Theparticles w ere identified as being responsible
for the atmosphemeutral atometal vers (N&, e, ...) observed
around 90 kaftitude (e.g. H™ offner et al., 1999; Chu et al., 2000).
Recent work has showhat w  ater ice IDBE cometaoyigin ma y
explain the presence of HJf@ the upper atmospheoé the gian t
planets Saturn, Uranus, Neptuflé¢  euchtgruber et al., 1997). Water ice
may survive in the meteoroidhile Saturn’s heliocen tric distance,
but evaporates rapidly at 1fidahe Sun. Ho wever, these me-
teoroids also contain less volatile hydrogen containing organic matter.
Whkn ydrogen is released, it can recombine widhmospheoic xygen
atommsd ozone, and ma y thus provide an alternative source for the
high altitude atmosphewic ater ice of noctilucent clouds. Thezanic
matfar meteoroidsn also release other comyds, suc h as HCN
andidals wheaconspd during ablation.

Looking back in timkeGago, at the timf the origin of life,

IDRBse believ ed to be aajor source of carbon on the surface of
the early Earth, wheleir input rate w  as supposed to be a hundred
timeigher than toda y (Chyba and Sagan, 1996). It is unclear how
much organic carbon may have been delivered through ablation in
the atmosphefBlietails of the in teractions between the entering
particles and the atmosphere still poorly understood, despite y  ears
of delling attempis. particular, it is not kno wa whetten t
moleculamt only atomsd ions, can be injected or produced b y
metedrs the atmosphere,k ey issue in determinitife prebiotic
chemistofrthe early Earth (Jennisk  ens et al., 2000a).

In order to study qualitatively and quantitatively the impaof
metears the moleculaon tent of the Earth’s upper atmosphere,
we started searching for time ariations in molecullimes during in-
tense meteslro  wers, using both existing satellite observations and
ngwound-based radio subbsary ations. Thiro  vides the most
straight forward way to link the presence of a given molecule the
extraterrestrial input. Matifficaltternativ es are the study of iso-
topic ratios variations (e.g. br/thg precise analysis of the v ertical
abundance profiles at high altitude.

We present here two such studies: 1) ground-based observations of

withBGIN emphasis the Leonid sho wers of November 1998
and 1999; and 2) an effort to see metawtated v ariations in the 1991-
1999 O3 and HgOn  tents of the upper atmosphae retriev ed from
the Halog@rccultatidixkperimen t (BAbEHLY the lépp
Atmosphdtesearc  h Satellite (UARS).
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2. Search for HCN ariations

2.1. INTRODUCTION

is a hHideonstituen t of the Earth atmospheweiaht ypical
volumsxingtio around 10 pet B¢ Moleculk. t present,
the mainurcein{thCT wer atmosphedre expected to be

biomdssrning (Crutzend Andred®90). TdemospheHEN

has been observed since 1981, first in the infrared, then at microwave
radio frequencies (Coffey et al., 1981; Carli et al., 1982). Figure 1 gath-
ers masf the a  vailable measurementsinftH€ M mosphere.

Theseeasuremen  ts corfreanv ariety of techniques listed in the
figure caption.
Globally, above 3fekbf{rdfnen ts are in excess of deb

predictions based on standard photochemistayd biomdssrning as

the onbuld€olid lines in Figure 1). Tleiscess has been

explained by 1) ion-catalyzed reactions in the entire stratosphere, in-

volving CHg(@Nprecursor (Sc hneider et al., 1997) and/or 2) a

high altitude source as a result of chemigabduction frahe meth vl

radical CHs (Kop990), or fronjection or production b v meteors

(Detp et al., 1999)a H{idconstituen t of cometaices.
polylie copolymédra ve been suggested as constituents of

cometaefractory organic mattéatflf9¥s and refs. therein),

and would thus be present in the incomimgteoroiifsthese polymers

survived their stay in interplanetary space after ejectioma HCN v

also be created framadi®al deconsjtion product of organic

carbon, after reaction with ydrogen-bearing molecules.

To test the hypothesimpiiHO'N y meteorotststhe formation
in the upper atmosphdreneteoaiblation products, w e decided
to moniterbdHillMeteraround ajor sho wer: the
Leonids.

2.2. OBSERVATIONS

In 1998, observations of thdidlliiNds w ere attemptetlv  arious
radiotelescope3€(bipain], Bordeaux 2.5@altec h Submil-
limet@bserv  atorylCisd thesaMT waii). Unfor
tunately, instrument probleBdRiedix) and bad w eather

(Hawaii) prevented obtaining a usefull sensitive limit.

In 1999, time as granted on two telescopes: the 104(d
2AqBsAzerlantd)escopes. W eather did not allaw  y use-
ful observations at GReMA. ations at the Caltech Submillimeter
Observatory took place frddo  v. 16 to Nov 25, 1999, withfortu-
nately bad observing conditions at the timgthe peak on No  vember
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Figure 1. HCN in the atmosphere: models (thick black lines) and observations
(others). Observations cover southern mid-latitudes (triangle; Zander et al., 1988) to
northern high latitudes (-...-; Spreng and Arnold, 1994), using mass spectrometry (- -
- with square; Kopp, 1990), infra-red (4-+; Abbas et al., 1987), and millimeter-wave
techniques (- - - with diamond; Jaramillo et al., 1988), with ground-,aircraft-based,
balloon-,rocket-, and space-borne sensors. Photochemical models (thick black lines)
are from Brasseur et al. (19857 with triangle for a photodissociation rate Juycn=0,
and with square for Jucn=Jucr) and Cicerone and Zellner (1983, with asterisk). A
deficit in modeled HCN appears in the middle atmosphere, although tropospheric
amounts agree reasonably well. Note the discrepancy between the photochemical
models and the Kopp data around 75 km (dashed rectangle in the upper right
corner of the plot). The other data are from Coffey et al. (-.-; 1981), Carli et al. (...;
1982), Rinsland et al. (x-x; 1982), and Schneider et al. (... with diamond; 1997). The
dashed line without symbol represents the a priori HCN profile used in radiative
transfer calculations.

18. Hewe, e report on the observations of the J3=2 rotational line

aLRECES vtz h was observed in frequency switclode
on Nov. 19, fraimUT til 21 UT.
In addition, atmospkeHC N ations in Hawaii were obtained
serendipitously &tehiiMdtbylyserv ations at other periods

of the year and can be used for reference. Thequency of the HCN

lines observed are: BEAN{HABHCANTIN (3-2)
265.8%0H30.
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2.3. RESULTS

tA  ypical exampler a non-Leonid nigh t observation ais JCMT

shownFigure 120 8 THGIN ell separated frether emission
lines. Thther line w e see on the spectrimlfd€’ that comes
fréhe imdgendipdsiEthen ts are double-side band) and,

due to that and to the reduction process of frequency-switched spectra,
the line appears as a negative signal.

liikd&» narro wer than tire BheNusfeke@ied
in Earth’s upper atmosphéraiphdtvn dissociation of CO 2)
is madeundan  t in the mesosphditean in the stratosphere, whereas
is mbedhdan t at stratospheric altitudes (Figure 1). At lower

altitudes, the spectral lines are pressure broadened, increasingly so for
lower altitudes. Hendine BGNpressure-broadened than
thin€Oexcept for the smédhture on top of the profile that

is fromgh altitude (> 60ThudfsNremen t technique
(frequency-switch) removes maoftthe broad lo  w-altitudténgsthe
line, K0 Nhat b y choosing the right frequency switch, we end up

widhine profile that giv  es informationly abo  ve mid-stratosphere
(above 35 km).

HCN(4—23)

Brightness Temperature / K

-1.0 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 L L L 1 L L L 1

354.48 354.50 354.52 354.54 354.56 354.58 354.60
Frequency / GHz

Figure 2. The HCN(4-3) line at 354.51 GHz (left part of the spectrum) observed
at JCM'a da  y without strong meteor shower activity (25th March, 1998). The
frequency switch throw was 16.2 Mdtal the in  tegration time 1.5 h. The CO line
on the right side of the spectrum comes from the image band of the radiometer and
is therefore negative. The mesospheric CO line illustrates the expected width for
high (> 70 km) altitude molecules.
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Meatremen ts on November 19, 1999, were averaged over
1 hour intervals (2 hours for last scan), and shownFigure 3. Sunrise
in Hlo as at 16:3hdiHa V.

We were expecting a smafkrease in tdom HCN tent at high
altitude frdime direct release of moleculesablated meteoroids.
Instead, we sawjuite differen  t behavior: in the night after the Leonid
shower, ddiecHCN tration was much less than on other days, only
recovering to previous line strength after sunrise (Figure 3). Such a
night-to-day variation was not observed on the previous days leading up
to the peak of the Leonid shower. Unfortunately, observing conditions
prevented the acquisition of good data on the night of the peak itself.

2.4. COMPARISON WINMDDELEPECTRA

Thae profiles are directly related to the heigh t dependence of the
volumeixingtio (abundance), because the atmosphericessure
broadening quickly decreases witlititude. d\b ve 70 kabtitude,
Dopplemoadening is the dominan  t broadening mechanisand th  us
the line no longer contains specific informatimhout the v ertical abun-
dance profile at high altitudes.

We applied the forward deb part of the soft  ware called Microwave
Odiine EstimatiRitriev al (M@L$HRE) ulate the measure-
ments that were made(@BOIIFRE as developed in
the framework of the Swedish Space Corption (SSOkatellite
missitm analyse the micro  wave measurements of the Sub-Millimeter
RadiofsibR) board OdiBaron, 1999; Baron et al., 2000).
Therw  ard deb pro  vides the atmosphermissiomeasurdd y
radiometeafter taking in  to account the radiative transfer along the
line of sight in a non-scattering atmosphethe refraction of the signal
through the atmospherend the satellite and radiometers harac-
teristics. Teempture, pressure and moleculspecies concen tration
profiles are given bpdels or satellite data. Spectroscopic parameters
are taken frothe Jet Propulson Laboratory , Geisand HITRAN
catalogues; hyperfiliree HCN tensities and frequencies at 265.88

ateHrdiiv er (1997). Thisde has been adapted for ground-
based measurements and to the frequency-switch observing technique.
It also contains an inversion procedure based on the Opkistial
matiddethélpers, 1976), whic h was used in the next step of
analysis to retrieve the vertical abundance profile fodi&CN

spectra.

Figure 4 shothe HCN oluméxireio profile and the result-
ing line shape. The hosen HCN olumdxinatio v ertical profile

uses the a priori M@biileRFdtigure 1. Thasult is ¢ har-
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Figure 8. Diurnal variation of HCN on Nov. 19, 1999 measured with the Caltech
Submillimeter Observatory (CSO) . The J=3-2 rotational line of HCN at 265.88 GHz
has been observed in frequency switch from 15 to 21 UT (05 to 11 HST Hawaiian
Standard Time). Sunrise was at about 16:30 UT. The solid line shows a model
spectrum of the HCN line computed with the MOLIERdde.
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acteristic of ounbieey ations on Nov. 19 during day tirfléigure
3). It is also characteristipxffithe’ Measured dChetT
timiesthe y  ear (Figure 2).

Figure 5 showseeled spectruwmalculated for a v oluméxing
ratio that falls off rapidly above 45 kiliblisb spectrumepro-
duced the observed intensity. We conclude that during the night ab N v.
19, the nilitedadd@CN tration was significantly diminished.

1.5 T T

Freg—switch=14.4 MHz 1 100 +
Elev=20°

801

60

Altitude (km)

401

Brightness Temperature / K

20t
—1.0L 1 1 1 1 | (@] 1 1
o 10 20 30 40 50 o 50 100 150
Frequency / MHz Volume Mixing Ratio (pptv)

Figure 4. Simulation with MOLIEBfEa CSO spectrum and the associated refer-
ence HCN volume mixing ratio profile (1pptv = 107'?) used for the computation
(here the same profile than the "MOLIEREpriori” HCN profile plotted in Figure

1).

3. Discussion.

Theesen  t observations shaw evidence for a direct input of HCN

at madd high altitudes, but it is possible that the meteoailolation
products affected the atmosphexic hemistiy the mesospheaad

lower thermosphetddfrden ts were done at solar longi-
tude 236.85-90 (J2000), in the night after the secondary maximum
the Leonid activity profile, which peaked over Hawaii at solar longitude
235.9 (Jenniskens et al., 2000b). Any ablation products would have had
tirhe disperse horizon  tallyo H wever, it is not easy to understand
haweteoran affectndd@’N tration at such altitudes. HCN
may have been chemicaliftac  ked by a reactive species such as ozone,
atomic  xygen or electrons, knowo be produced by the trails of
the marmssiv e meteoroidshic h are ablated at these altitudes, or
produced by lighter ones and transported frdrigher altitude. Alter-
natively, a coincidence widhpurely atmosphepkenomenomalso
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Figure 5. Simulation with MOLIEBfFa CSO spectrum using a ”truncated” HCN
volume mixing ratio profile shown on the right of the picture. Withs profile,
which indicates no HCN above 45 km, we obtain a spectrum close (in intensity) to
the one measured on Nov. 19, 1999 from 05:00 to 06:00 at CSO (see Figure 3).

not excluded, as nothing is known et about the short-tetmaha  vior
of this molecdae to gra  vity waves and tides. In order to establish
the link witbetesiro wer activity, future observations wiled to
be combined witlc  haracterization of the background airglow.

3.1. HXO D O 3 AT 55 KM

To investigate the possibility of ozone concentration variations, we
investigated satellite data on this trace gas to search for any corre-

lation wittetemtivit y. We also looked for Hg® an indicator of
hydrogen release.

Systematiteasuremen  ts of Oz and H4@® the mesosphdra ve
been performudthe HA Khgarltatibixperimen t (HALOE
instrument) onboard the lgppA  tmosphdtesearc  h Satellite (UARS,
launched in September 1991). Thlefru@hkn t measurdse

absorption of solar radiation at sunrise and sunset by a variety of trace
gases (Russell et al., 1993), sweeping fr&i  ° South to 80° Noritth
latitude approximately ery month.

THata co  vers the years 1991 to 1999, with altitude co  verage
up to 80 kilV e created averages over various latitude bands and
present in Figure 6 the results for the latitude band going fra3t  °
South to 30° Norshross the equator, for an altitude ¢ haracterized
by a pressure of 0.46 hPa, which corresponds to 55 kancording to
the standard atmospheiéhititude is reac hed by bright and slow
meteohsnce a direct influence could be expected framn ual shower
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activity. It is also possible that the ozone and water may be affected

by meteotigput at higher altitudes. Ozoaed w ater vapor data at
higher altitudes (between 60 and 80 kin, y approximatdjistep)
have also been observed by WHELOE, h is momdev  ant for this

study, but the signal to noise ratio in the data is much less.

1991 1992 1993 W9$4 M 1995 1996 1997 1998 1999
T T T T

H,0/ppmv

NO O ol o N

- = N N W

H,0 Res./ppmv Os/ppmv

|
o
&)
T

05 Res./ppmv

—1500 —1000 -500 0 500 1000 1500
Days from Jan 1, 1996

Figure 6. Os and H2O atmospheric abundances (volume mixing ratio in ppmv;
Ippmv = 107°%) at 55 km (1991-1999) from UARS/HALOE satellite measurements
between 30° South and 30° North. Upper two curves show the rough data for H.O
and Os respectively, with the regression model (sinusoidal curve) superimposed. The
lower two curves display the residuals (measurements minus model) after having
removed the expected long term variations. Dotted lines indicate the 3o level. Data
points above this level are shown by triangles.

In the analysis of the data, we took into account semi-annual, annual,
quasi-biennal, solar cycle oscillations (amplitudesd phases), and lin-

ear trend over the 9-year period. Usinglinear regression deb, w e
removed these oscillations in order to search for a correlation of any
residual variation widhmetedio wer.

At somperiods, the O 3 abundance is mothan 3 & above the
regression deb v alues (triangles in Fig. 6). However, no correlation
has been found at present widhn  ual meteho  wers.
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3.2. FUTURE WORK

With ey e on the 2001 and 2002 encounters, we note that radio
sub-millinletenv ations are very suitable for airborne application
in a future Leonid Multi-Instrument Aircrgfam paigom bina-
tion withisting airglo measuremen  ts.ghod con  trol of sensitivity
and baseline irregularities can improve the quality of the observations.
Othatmospheniwinoonstituen ts can be observed in a similar
mannfor exampl, andCOH In@Ndition, satellite data are
expected frohe Micro  wave Limb Sounder instrument (MId8)  board
tlsatelifiRS(measuremen ts of CHa@Nfrdhe soon to

be launched (December 2000) OdAstronom  y/Aeronomy satellite.
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