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Introduction:  Meteors are produced by small in-

terplanetary particles also known as the meteoroids. 

Based on meteor data, the meteoroids can be divided 

into two groups: sporadic meteoroids and meteoroid 

streams. The meteoroid streams are prominent con-

centrations of particles with similar orbits [1]. They 

are thought to be produced by particles released by 

active and recently (less than a few thousand years 

ago) disrupted comets [2]. Sporadic meteoroids are 

those particles that have evolved significantly from 

their parent body so that they are no longer easily 

linked to that parent, or to other meteoroids from the 

same parent. Notably, the time-integrated flux of me-

teors at Earth is dominated by a factor of ~10 by spo-

radics [3]. 

The radiant distribution of sporadic meteors shows 

several concentrations on the sky known as the heli-

on/antihelion, north/south apex, and north/south to-

roidal sources (e.g., [4]). The prominent heli-

on/antihelion source is the concentration of meteors 

near the helion and antihelion directions. These mete-

ors are believed to originate from the same population 

of meteoroids. The two groups differ in impact direc-

tion because some particles will impact before their 

perihelion passage, thus producing meteors with the 

antihelion radiants, while others will impact after 

their perihelion passage, producing meteors with the 

helion radiants. 

Model: We developed a dynamical model for the 

solar system meteoroids and use it to explain radar 

observations of sporadic meteors [4,5]. Our model [6] 

includes the following parts: (i) particles of different 

sizes are released from Jupiter-Family Comets (JFCs), 

(ii) their orbits evolve under the influence of gravita-

tional and radiation forces, (iii) particles can be ther-

mally or collisionally destroyed, (iv) while in space, 

particles emit thermal radiation, which (v) is detected 

by a telescope observing at MIR wavelengths, and (vi) 

a small fraction of the initial particle population is 

accreted by the Earth, producing meteors. 

We developed a code capable of calculating the ra-

diants and orbits of the impacting particles.  The de-

tection efficiency of meteor radars was modeled by the 

ionization cutoff function, which is a function of the 

particle's mass and speed. 

Results:  We find that the JFCs are the main 

source of the prominent concentrations of meteors 

arriving to the Earth from the helion and antihelion 

directions. To match the radiant and orbit distribu-

tions, as measured by the Canadian Meteor Orbit Ra-

dar (CMOR, [4]) and Advanced Meteor Orbit Radar 

(AMOR, [5]), our model implies that comets, and 

JFCs in particular, must frequently disintegrate when 

reaching orbits with low perihelion distance. Also, the 

collisional lifetimes of millimeter particles may be 

longer (>105 yr at 1 AU) than postulated in the stand-

ard collisional models (104 yr at 1 AU), perhaps be-

cause these chondrule-sized meteoroids are stronger 

than thought before.  

Using observations of the Infrared Astronomical 

Satellite (IRAS) to calibrate the model, we find that 

the total cross section and mass of small meteoroids in 

the inner solar system are (1.7-3.5) 1011 km2 and ~4 

1019 g, respectively, in a good agreement with previ-

ous studies. The mass input required to keep the Zodi-

acal Cloud (ZC) in a steady state is estimated to be 

~104-105 kg s-1. The input is up to ~10 times larger 

than found previously, mainly because particles re-

leased closer to the Sun have shorter collisional life-

times, and need to be supplied at a faster rate. The 

total mass accreted by the Earth in particles between 

diameters D=5 m and 1 cm is found to be ~15,000 

tons yr-1 (factor of 2 uncertainty), which is a large 

share of the accretion flux measured by the Long 

Term Duration Facility (LDEF). 

 Majority of JFC particles plunge into the upper 

atmosphere at <15 km s-1 speeds, should survive the 

atmospheric entry, and can produce micrometeorite 

falls. This could explain the compositional similarity 

of samples collected in the Antarctic ice and strato-

sphere, and those brought from comet Wild 2 by the 

Stardust spacecraft. Meteor radars such as CMOR and 

AMOR see only a fraction of the accretion flux (~1-

10% and ~10-50%, respectively), because small parti-

cles impacting at low speeds produce ionization levels 

that are below these radars' detection capabilities.     
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