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The Interplanetary Meteoroid Ervironmert for Exploration (IMEX) provides amodd of meteorad streans in the
inner olar sygem It is primarily designedto provide hazard estimations for interdanetary spacecraft. However,
sud a nodd is dso suted for sudying the impat of recently createl meteowid dreans at the Erth. It also
allows us tostudy mreteor storms, and to automaticaly determine the streans that can be obsenved atthe Earh at
any time. Here we descibethe gplicatonto Leonid meteor storns of 19992002, and provide the resuts of the

aubmatic strem deteminaion for 2QL5.

1 Introduction

Active ommés release dust grains tha produce trds of

particles ard meteoroid streams i the vidnity of their

orbits. Reach et al. (2007) foundtha greater than 80% of

Jupter family comets dosaved in the infrared by the
Spitzer spacetelesmpe show evidence of cometary trdls.

Thesetrail s consst of cometary materia releasel during

the nost recent comet appaitions that forms structures
(meteoroid streans) nea the orht of the paent comet.

Initially, these paticles rermain very nea thecome. Over
time, radiaton and gravitational forces dsperse these
patticles away from thecomet orbit.

Meteor showers at Eath ae dso eidence of conetary
dug production. However, these narow, dense trail
structures creste meeor storms at the Earh with
durdions d hours (Kres& et d., 1993. Meteor sfowers
are geneally cause by neteoroid dreans that devdop
over longer time periods, armd have durations of dgs or
weeks athe Earth.

The Inteplanetay Meteorod Environmeit for
Exploraion (IMEX) modé chaaderizes omeary trails
atary point in spaein theinner solarsygem. AsanESA
funded project, he mode is secfificdly designed to
provide ore tod for the assessmei of the dust hazad on
long duraion interplanetary missons. The nodelhas dso
prectical use for evaluaing meteor stom ectivity at
planetary badies, or forunderstanding the dynamics of
meteordd steans in the sdar sysem. Thee is
additionally an interstellar dust module (Sterken et al.,
2013 Strub et. d., 2013) Herein we describe the

applicability of the comeary streans mald to the
meteoraid environmert & Eath.

2 The IMEX Model

The IMEX model consids of a déabase of the orbits of
dust grans from 420 short-period conets. 362 Jupiter
family comets, 40 Halley-type comets and 18 Encke-type
comets. Dustis amitted when each awmet is within 3 AU
of the Sun. Cands are omited i they are dways ouside
of 3 AU (requred for dust enission within our modé), if
they do not provide informaion on the cometry
magnitude (used to calculate the dust production rate), or
if they hawe an eccentricity of 1. Theorbits for 20 magjor
comets are candructad from JAL HORIZONS data The
remeining comets have onits integrated under gravity
and radiation forces (but not cometry non-gavitational
forces) wing the MODUST code (Rodmann 2006), from
starting states given by HORIZONS.

Dustis emited between 1850ard 2080 for Jupiter family
and Encke type comets, ard between 1700 and 2080 for
Halley type comets. Conetary fragments have differert
starting dates depadent on their expectel credion dates.
These peicles are emtted at 8 dfferert sizes betwen
100 pm and 1 cmwith bulk dersity 1000 kgm?, and
ejedion velocities deermined udng the nodd of Crifo
andRodionov (1997).Next, the paricles were integrated
using sola and planetary gravity, radigion pressue ard
Poynting Rabertson effet (including a factor for sobr
wind dra of 0.3 (Gustaf®n, 1994 usng aRunge-Kutta-
Nystdom 7@) integrator with a \ariable step size
(Dormand and Prince 1978). The paticles ae saed
severdé times per orbit dong their trajedories, between
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1980 ard 208Q The irtegrations were performel usng
the Congellation dstributed conputing platform
(Aeraspaceesach.net).

The reslt is a daabaseof 2.7 TB that provides he
trajedories d ~05 million particles per nass, pe conet,
between 1980 and 2080. The trajectories of all paticles
can be emndructal at any time within this period usng
Kepler orht interpdation or integraion. Further detals
of the IMEX dug emission process ad trajedory
cdculations aregiven in Sja etal. (2015).

3 Leonid storms at Earth

IMEX provides trdls of very recently release cometary
patticles. It can therefore modé meteor storns, rather
than annwl meteor stlowers. We examined Leonid
meteor f$orms diring 1999-2002. We cetermined the
patticles from comet 55P/Tampel-Tuttle that pass neato
the Eath. Next, we conputed the number of paticles at
the Eath, by courting al particles within a 'te$ circle
around the Eath with a radius ejud to the distancethe
Eath travels in 15, 30 or 60 mnhutes. We then
corstructed profiles of the Zenith Hourly Rate as a
fundtion of time (or sdar longtude). These were use to

assesthe acuracy of the mald compared with the ZHR,
durgion and timing of obseved neteor dorms, using
Interndgiond Meteor Organizdion visual daa for
comparison (Arlt et al., 199, 200, 2001, 2002). We
usal the methods ard tables of Koschak and Rendtel
(1990), which provide a onvesion beween the spatial
numbe density of patticles with mass >10° kg and te
ZHR for meteors with visud apparent magnitudes
m < 6.5. However, this method is highly dependert on
the popdation index r. Since we do nd know how the
mass digribution of the sream at theEarh rdates b the
meass distrbution & the conet, we instead detemine the
magnitude of the meteor creaed by each IMEX-modeled
meteoroid in the Eath's atnosphere usng the fornula
from Jeniiskens (194). We exdude paricles hat creae
a meeor with a megnitude > +6.5. The ontributions to
the ZHR from ea&h particle mass ae sunmel. The
resuting ZHR profile for 20 is gvenin Figure 1

The model is dle to reproduce thepe time of eachof
the two events on B Novembe 2001, as vell as the
appoximate maximum and the duration of the storm. The
profile, hovever, is nd matched well. There are varias
reass why this could occur. Hrst, the pofile is
dependent on the size of the test circle inside which
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patticles ae sdectel at the Eatth. Largercircles povide a
smoothe distibution, with a lower pesk. Additiondly,
inaccuracy in the enmssion conditions at the comet
(including the ejection speel, the hdiocentric distances at
which emsson ocarrs, ar the enisgon location onthe
comet) can dlter the prdile. We have alredy tesedlower
emission spe@s ad find tha they strugde to provide
any flux a the Eath, becaise the sreamis too narow to
interset it. The curert mode is most sucess$ul in
modeling everts in which the Earth crosses diredly
throughthe certer of the steam. Ghncing encourters are
less vell modded. Sich information will be usel to hép
detamine how the g edion parameerscan be modied to
improve theresuits.

4 IMEX at the Earthin 2015

The mgor goa of the MEX modé is the artomatic
detections ofstreams that inersed a spacerdat or planet.
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Figure 3—Dus of comet 73P/ SchwassmanAWachmann 3
(1000399 in 2015 (a) Hdiocentric dust dstribution on 1
January 2015, (b) Dustat the Earth on 28April 2015

We use he nodd to find the strams that intersed Eath
eaxh dy a time 000000 from 1 Januay to 3L
Decenber 2015. At each day we determine the comes
tha have dug at Eath, and calalate the flux, and the
impact velocity of their dust paticles onto the Eath. We
provide the flux as a function oftime, per comet, for 10°
kg paricles (Figure 23 and 1.3%10° kg paticles
(Figure 3b). We find that 14 comets have 10° kg dust
patticles in thevicinity of the Earth, and} have 1.3x10°

kg dust paticles near te Earth: 45AHondaMrkos-
Pajdusakova (1000045), 252FLINEAR (1000298),
73R Schwassrmann-Wachmann 3 (1000394, and F2009
WX51 (Catalina) (1003080).
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Figure 4—Dust of comet P/2009 WX51 (Caalina) (1003080
in 2015.(a) Heliocertric dust distrbution on 1 January 2015.
(b) Dust & the Earth on 23April 2015

Howeve, not dl these conets produce dstinct dreans at
the Eath. The steamsof many Jwiter family comets are
disruged by gravitatond interactions wth Jugter. This
increassesthe dispersion of these psticles avay fromthe
orbits of their parent conets. An animdion o the
formation and evolution of the trail of Roseta target
comet 67HChuryumov-Gerasimenko' denonsrateshow
Jupiter is adive in warping anddisruging dug streans.
For sone comets, thesffect is more dramatic, as sen n
Figure 3 for comet 73R Schwassmann-Wahmann 3. In
this case afraction of the stram has bea perturbed into
orbits tha reach the auter sobr sydem forming a
dumtbell-like strudure. This béhavior is aso obseved
for comets 45P/Honda-Mrkos-Pgdusaova,
252P/LINEAR, and toa les®r extat for PP2009 WX51
(Catalina) (Figure 4). In the cae of comet 73P, the
resuting dust & the Eath does not represent a dust
stteam Thus, the resuling right eacendon ard
decination at the Eath hawe a broa range, and these
particles ae na likely to be obsened at Eath as an
enhanenmert from a discrete radiat direction. In the
case of comets 100045, 1003B0 and 1000298 there is

! Available at https/vimeo.com/128363607
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a ollimated sdreamat or ner the Eath. The grean of
comet 1000298 does not intersect the Eath during 2015.
The stream of 45P intersects once on Janary 18 2015
(where (RA €(3249% 3269, DEC €(-16° -149). The
stream of P2000 WX51 intersects twice on April 22-23
(RA €(38929°), Dec €(+34°,4369), while on April 24
the Eath appears ¢ hit the edge of a steam. These are
therdore comes whose steans can crede seerd
meteors apeaing from a similar locaion in the sky
(radiant). Frther work would be required to detemine if
the accuracy of the orbits of the comets significartly
affeds these resits.

5 Summary

The now complee IMEX streans nodel provides a
conmprehensive databaeof cometary trails and streansin
theinner sdar sysem. It is ale to desciibe meteorstorms
and outbursts at the Eath to a pe& timing within ~20
minutes, as well as matching in some case the duration
and zenith hourly rate of the profile, when compared to
visud meeor observe rates. IMEX can additionaly be
usel to auomatically determine comet dust steans tha
can interseet the Earth inthefuture.
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