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Proeedings of the IMC, La Palma, 2012 1Meteor head eho observations with the MU radar andfuture possibilities with EISCAT_3DJohan KeroSwedish Institute of Spae Physis, 981 28 Kiruna, Swedenkero�irf.seEISCAT_3D is a three-dimensional imaging radar projet for atmospheri and geospae researh.It will onsist of multiple phased arrays loated in northern Fenno-Sandia. The multi-purposeexperiment and data analysis approah will enable ontinuous meteor observations, unique in termsof overage and quality. The aim of this paper is to establish a hannel through whih the EISCATand IMO ommunities an interat. A presentation of the meteor head eho observations using theShigaraki Middle and Upper atmosphere (MU) radar in Japan gives a �avor of some of the possibilitiesof EISCAT_3D.1 IntrodutionA radar is a detetion system whih transmits eletro-magneti energy in the form of radio waves, and re-eives ehoes from objets enabling determination oftheir range, diretion, veloity, and other properties.The EISCAT (European Inoherent Satter) Sienti�Assoiation is an international researh organisation op-erating sienti� radar systems in northern Fenno-San-dia. The EISCAT_3D radar system, hereafter alledE3D, is a three-dimensional imaging radar projet foratmospheri and geospae researh. It will onsist ofmultiple phased arrays of thousands of antennas.E3D is not in onstrution yet, but in preparatory phasefrom 2010 through 2014. This means, in partiular,that the radar performane spei�ation is a living do-ument. Any input and demands from the (potential)user ommunity during the preparatory phase an betaken into aount in the hardware design. Additionalinput and demands regarding experiment design andsoftware will be of great use, also during onstrution,and, later on, for the operation of the radar. The E3Dradar sites will be omplemented by a set of supportiveinstruments. Multi-station video and spetral imagerswould allow simultaneous head eho and optial meteorobservations (Campbell-Brown et al., 2012).Inoherent satter radars are introdued in Setion 2and Setion 3 is a review of meteor head ehoes. Thepresent EISCAT radar systems, urrent operations andthe oneptual design of E3D are presented in Setion 4.A brief overview of the 2009�2010 meteor head ehoobservation program arried out using the Middle andUpper Atmosphere (MU) radar in Japan is given in Se-tion 5. Sine MU is a phased array, the MU observationprogram gives a �avor of some possibilities of E3D.It is of great pratial and theoretial importane tomeasure the masses of meteoroids, to identify meteoroidpopulations, to determine the mass indexes of thesepopulations, to onstrain models of Solar System for-mation, and to estimate the hazards meteoroids present

to spaeraft and manned spae missions. The mass in-�ux of extraterrestrial material onto Earth is the soureof the neutral and ion metal layers in the middle atmo-sphere and plays an important role in atmospheri dy-namis and proesses as the formation of high-altitudelouds, possibly through oagulation of harged mete-ori smoke partiles ating as ondensation nulei forwater vapor.2 Inoherent satter and HPLA radarsAn inoherent satter radar is a sienti� instrumentdesigned to enable reeption and analysis of the veryweak signal sattered o� eletrons in the ionosphere,the ionized part of the atmosphere at about 85 to 600km altitude above ground (Nygrén, 1996). The peaktransmitter power has to be of the order of 1 MW andthe array or dish antenna aperture of at least around
1000 m2. The large aperture means that the antennagain pattern is foused into a narrow main beam with afull-width-at-half-maximum (FWHM) of the order of 1◦at their VHF and/or UHF operating frequenies. VeryHigh Frequeny (VHF) is the frequeny interval 30�300 MHz, while Ultra High Frequeny (UHF) is in therange of 300 MHz�3 GHz. Corresponding wavelengthsare 10�1 m (VHF) and 1�0.1 m (UHF).Inoherent signal proessing allows measurements of theeletron density, ion and eletron temperatures, ion ol-lision frequeny, ion omposition, and ion drift veloity.The term �inoherent� is used to designate that the mo-tion of the ionospheri eletrons is random and lakswell-de�ned struture in ontrast to a (oherent) me-teor trail plasma. However, the altitude region of thelower ionosphere overlaps with the meteor zone, and in-oherent radar systems an therefore advantageously beused to study radar ehoes from oherent meteor plasmastrutures, too.The high power density permits numerous head ehodetetions from very faint meteors. Sporadi meteorstherefore dominate the size regime. A meteor head eho
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2 Proeedings of the IMC, La Palma, 2012omes from the ompat region of plasma lose to andtraveling along with a meteoroid, and is therefore highlytransient and Doppler-shifted. Its harateristis arevery di�erent from those of a meteor trail eho, whihis an eho from the already slowed-down olumns ofplasma drifting with the loal wind speed.Not all sienti� High Power Larger Aperture (HPLA)radar systems are designed for inoherent satter analy-sis. Some of them are optimized to study, e.g., oherentehoes from neutral wind strutures in the middle andupper atmosphere. The MU radar, its sibling the Equa-torial Atmosphere Radar (EAR) in Indonesia, and theMiddle Atmosphere Alomar Radar System (MAARSY)in Norway are three suh examples. Some defense agen-ies also operate HPLA radars as part of their ballis-ti missile early warning defense systems. One suhradar suessfully used also for meteor siene purposesis ALTAIR�the Advaned Researh Projets AgenyLong-Range Traking and Instrumentation Radar onthe Kwajalein missile range (Close et al., 2002).3 Meteor head ehoesA meteor head eho is aused by radio waves sat-tered from the intense region of plasma surrounding ando-moving with a meteoroid during atmospheri �ight.The signal's Doppler shift and/or target's range ratean therefore be used to determine meteoroid veloity.The �rst head ehoes were reported by Hey et al. (1947)from observations onduted in 1946 between Otober 7and 11, overing the antiipated 1946 Draonid meteoroutburst, using a 150 kW VHF radar system.Sine the 1990s, head eho observations have been madewith most HPLA radar failities around the world (e.g.,Pellinen-Wannberg and Wannberg, 1994; Mathews etal., 1997; Close et al., 2000; Sato et al., 2000; Chau andWoodman, 2004; Mathews et al., 2007; Malhotra andMathews, 2011). However, few published observationsonern shower meteors (e.g., Chau and Galindo, 2008)before the 2009�2010 observation program with the MUradar desribed in Setion 5.Most inoherent satter radar operating frequenies donot permit speular meteor trail eho detetions. Thereason is destrutive interferene of ehoes from dif-ferent parts of the trail beause the wavelengths areshorter than typial meteor trail plasma radii. Non-speular trail ehoes from �eld-aligned irregularities are,however, ommon if/when observations are arried outperpendiular to the geomagneti �eld lines (Zhou etal., 2001). With the EISCAT radars, and E3D, suhobservations are di�ult to ondut due to the verysteep magneti inlination (approximately 77�82
◦) atthe high-latitude radar loations.4 Present EISCAT operationsEISCAT urrently operates the monostati 224 MHzVHF and 930 MHz UHF radars near Tromsø, Norway

and the 500 MHz EISCAT Svalbard Radar (ESR) nearLongyearbyen on Svalbard. Previous meteor head ehoobservations have been onduted using the now non-operational passive 930 MHz UHF reeivers in Kiruna,Sweden, and Sodankylä, Finland, in onjuntion withthe UHF monostati transmitter/reeiver (Kero, 2008;Szasz, 2008). Several supporting instruments are in-stalled at the radar sites, the most prominent of whihis an ionospheri heater at the Tromsø site.The present EISCAT Assoiates inlude Norway, Swe-den, Finland, Japan, China and the United Kingdom.Germany (until 2011) and Frane (until 2005) are ear-lier EISCAT Assoiates. The onstrution of E3D willprobably lead to additional ountries joining (and re-joining).EISCAT radar operations are divided into CommonProgramme (CP) and Speial Programme (SP) experi-ments and totals about 1000 hours per year and radarsystem. CP is run by EISCAT sta� aording to a pre-arranged shedule and the data is available to any si-entist from an Assoiate ountry. SP time is appor-tioned to eah Assoiate ountry aording to the sizeof its �nanial ontribution to EISCAT. Eah ountrydeides how its time is utilized, and time is usually ap-plied for by partiular individuals. Aess to SP data islimited to these individuals for one year after the dataare taken. Then the same rules apply as for the CP.EISCAT also invites appliations for observing time ontheir failities by individual sientists, researh groups,and onsortia throughout the world on equal basis. In2012, 200 hours of experiment time was open for suhinternational peer-reviewed ompetition.Real-time graphs of ionospheri parameters from allEISCAT experiments are freely available on the web.Meteor analysis, on the other hand, has been ondutedin a post-proessing manner on subsets of arhived rawdata, primarily through SP experiments.Virtanen et al. (2008) present a multi-purpose exper-iment and data analysis approah to be used as thestandard, ontinuous, observational mode at E3D. Thisapproah will enable meteor observations to be run inparallel to inoherent satter data analysis, wheneverthe radar is running. Our aim is to provide real-timegraphs of meteor data on the web and an open soure li-brary of analysis routines, similar to what already existfor ionospheri data.Aording to the EISCAT Sienti� Assoiation, thePreparatory Phase will ensure that the E3D projetreahes a su�ient level of maturity with respet totehnial, legal and �nanial issues, so that the on-strution of E3D an begin immediately after the on-lusion of the phase. The E3D Preparatory Phase isfunded by the European Commission until September2014. Further information is available on the website ofthe E3D projet11http://www.eisat3d.se/.
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Proeedings of the IMC, La Palma, 2012 35 MU radar and EISCAT_3DKero et al. (2012) have developed an automated anal-ysis sheme for meteor head eho observations using the1 MW, 46.5MHz, interferometri, Shigaraki Middle andUpper atmosphere (MU) radar in Japan (λ = 34 .◦85 N,
ϕ = 136 .◦10 E). An aerial view of the radar is given inFigure 1. The analysis tehnique an be adapted to real-time meteor �ux monitoring with E3D and extended toinorporate the E3D's superior sensitivity, higher reso-lution, and multiple reeiver sites.The analysis sheme has made it possible at MU to de-termine meteoroid veloities and radiants of faint mete-ors with unpreedented auray and preision. Thus,the ativity and �ux of meteor showers an now be stud-ied also with the head eho observation tehnique (Keroet al., 2011; 2012a). An extensive set of data (more than500 hours of observing and over 100 000 meteors) wasolleted with the MU radar between June 2009 andDeember 2010 (Kero et al., 2012b). The predominantpart of the mass distribution deteted with MU is esti-mated to be in the range 10

−9 to 10
−6 kg.Figure 2, adapted from Kero et al. (2011), shows anexample in the form of a radiant plot of MU data ol-leted between 2009 Otober 19, 14

h UT, to Otober 21,
9
h UT. Most numerous in the data are sporadi meteors.However, more than 600 of about 10 000 head ehoeswere assoiated with the Orionid meteor shower. Thesemeteors onstitute a very lear enhanement of me-teor radiants with an atmospheri entry veloity around67 km/s. The radiant density distribution is as ompatas the distribution of all preisely redued Orionids (66photographi and 19 video meteors) of the IAU Me-teor Data Center presented by Lindblad and Porub£an(1999). This indiates that the radar method providespreision and auray omparable to photographi re-dution of muh brighter meteors with longer detetabletrajetories.The Orionid ativity within the MU radar beam reahedabout 50 per hour during radiant ulmination. The �uxof sporadi meteors in the MU radar data peaked atabout 700 per hour. Also, several minor meteor show-

Figure 1 � Aerial view of the MU radar.
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Figure 2 � The radiant distribution of about 10 000 meteorsdeteted with the MU radar during a 33 h observation in theperiod 2009 Otober 19�21, plotted in Sun-entered eliptioordinates.ers, as the Southern Taurids and the Leonis Minorids,were observed.E3D will have far greater sensitivity than MU and en-able investigation of a broader part of the in�ux asfuntion of meteoroid mass. It will have several inter-ferometri reeiver stations providing meteoroid orbitswith unpreedented auray down to very faint andsub-visual meteors. The ontinuous mode of observa-tions will lead to a large database made available, e.g.,through the IAU Meteor Data Center (MDC) at the As-tronomial Institute of the Slovak Aademy of Sienes,under the auspies of Division III of the InternationalAstronomial Union (IAU).A ruial advantage of meteor head eho observationsompared to meteor trail eho observations is the ab-sene of a strong eho height eiling e�et. This allowsdetetion of low-mass, high-geoentri veloity mete-oroids, whih ablate at altitudes above the eho heighteiling of the meteor trail radar systems, and are there-fore largely undetetable with these systems (Elford,1993). E3D will enable investigation and orretion ofthis dominant, and in meteor trail observations missing,part of the meteoroid in�ux.6 ConlusionE3D is a three-dimensional imaging radar projet foratmospheri and geospae researh. It will onsist ofmultiple phased arrays in northern Fenno-Sandia, eaharray having a very large antenna gain-power produt.E3D has the potential to beome the most advaned in-strument on Earth for meteor studies. It should be om-bined with multi-station video and spetral imagers.The IMO ommunity is ordially invited to share ex-perienes from visual, radar, and multi-station videoobservations, and take an ative part in the realizationof the E3D meteor observation program.
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