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Small-Meteor Trivia
•   Stream (predictable) and sporadic (unpredictable) meteors.

•    Meteoroids enter the Earth’s atmosphere at hypersonic speed 
(11-73 km/s), burning up below 100 km altitude.

•    The origin, mass distribution, composition, and total annual 
input of meteoroids still remain unknown.

•    The majority of small meteoroids cannot be optically detected 
(if  < 10-4 g), but sensitive radars may detect them (if  > 10-10 g).

– Due to the meteor plasma formed around and behind the 
fast-descending meteoroid



      Background

• What?    Dense plasma near fast-descending ablating meteoroids.

• Where?   In the E-region ionosphere (90-120 km of altitude: magnetized electrons + 
unmagnetized ions).

• Radar observations:  Head echoes, specular, and non-specular trails.

• Questions? How is the meteor plasma formed? What are its characteristics? 

• Why do we care? Need to properly interpret radar measurements in order to obtain 
useful information about meteoroid masses and composition.



Typical Plasma Trail and Head Echoes
Head echoes

Jicamarca, July 2005, 3:43LT



Formation of Meteor Plasma
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Theory: Goal and Justification
• Spatial structure of near-meteoroid plasma:

o To model radar head echo

•  Need collisional kinetic theory – for two reasons:
o Length-scale: ~ one ion-neutral collision mean free path
o Non-Maxwellian ion velocity distribution.

• Analytical theory of meteor head plasmas provides:
o Quantitative parameter dependence, scaling
o The spatial structure for FDTD wave propagation simulations



Scaling: Length and Energy

h 80km 90km 100km 110km 120km

4.3 cm 32 cm 1.3 m 7.1 m 17.2 m



Plasma Density Spatial Distribution

 



Ion Density Distribution (Analytic Theory)

Meteoroid velocity

Impinging atmosphere 
(in meteoroid frame)
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Comparison of Theory and PIC Simulations

(x – along the magnetic field;   z – along the meteor path)



FDTD simulations
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Conclusions

•  



Analytic theory
 


