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Meteoroids Influx on Earth

上段: 質量 [g], 下段: 直径 [g]

Meteorites

Mass[g] and Diameter of particle
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Modified from John Plane (2012) 

Flux of Meteoroids on Earth 
100 - 300 tons/day 

40,000 - 100,000 tons/year



Hughes (1987)

Sensitivity of MU Radar 
Meter Head-echo Observations



Kyoto University RISH MU Radar
Middle and Upper Atmosphere Radar

103m

Monostatic coherent pulse Doppler radar 
VHF (46.5 MHz), 1MW peak power, 475 crossed Yagi antennas 
Pulse length: 1-500μs, Antenna aperture: 8330m2 (D=103m)

theoretical gain pattern

Observed number of meteors, 
normalized by beam area, versus 
RCS (Radar Cross Section) and 

radial distance from beam centre.

average velocity error = 0.25 km/s 
average perihelion distance = 0.003 AU 

3,000 - 4,000 meteor head echoes / day

>180k meteoroids were detected during 2009-2016 
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•Digital 25 channels 

•332 times per second (3 msec) 

•85 ranges every 3 msec 

•Data rate ~20 GB/hour

theoretical gain pattern

Kyoto University RISH MU Radar
Middle and Upper Atmosphere Radar

effective FOV ~5.5deg

Doppler velocity 
19 Interferometers
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Ecliptic Longitude from Earth apex (deg)
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Kero+ (2010) 

Abe, Kero, Nakamura+, in prep



Comparison of Orbits between MU Radar and Optical Observations

Orbital determination by Meteor Head-echo 
and optical observation is comparable.

Abe et al. Proc. ISTS (2015)



Orbits

Geminids

Quadrantids



RCS (Radar Cross Section) controversy

Close et al.(2007)

Function of Geometrical cross-sectional area and reflectance. 
Meteoroid Size, Mass, Chemical composition, 
Entry speed, Atmospheric density, Radar directivity

Optical magnitude provides size information



Simultaneous observation with MU Head-echo and TV



MAG(V>40km/s, Δt<0.15s) = −0.197716*RCS+3.88301 
MAG(V<40km/s, Δt<0.30s) = −0.144755*RCS+3.61760

Visual magnitude as functions of RCS

MU+High-sensitive TV camera

This work

Maximum RCS [dBm2]
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2009 Sep 24-26, Oct 19-21, Nov 18, Dec 13-14  

2010 Mar 11, Aug 12, Sep 13, Dec 14

HamamatsuICCD+200mm/F1.8



Osawa, Sako, et al. (Univ. Tokyo)

Detected Faint Meteors by Hough transform algorithm

April 11, 2016 
1514 events / 5 hours 
15 meteors / 180 sec 
V Magnitude = 4.5 - 12.5

Faint Meteors Imaging ~13th magnitude



MAG(V>40km/s, Δt<0.15s) = −0.197716*RCS+3.88301 
MAG(V<40km/s, Δt<0.30s) = −0.144755*RCS+3.61760

Visual magnitude as functions of RCS

MU+Tomo-e GOZEN

MU+High-sensitive TV camera

This work

Maximum RCS [dBm2]
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Future work





Tomo-e GOZEN

Magnitude
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April 11, 2016
1514 events / 5 hours
15 meteors / 180 sec
V magnitude = 4.5 - 12.5

Individual observations 
by  

Radar and Optical methods



Osawa, Sako, et al. (Univ. Tokyo)

Faint Meteors Spectroscopy
~8-9th magnitude with R=10



2Hz 
D=1.05m 
FOV~Φ9deg 
400-700nm

332Hz 
D=103m 
FOV~Φ4deg 
46.5MHz, 1MW
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MU Radar Schmidt telescope

Distance~173km

Height; 70-130km
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19 Interferometers

~1000 orbits and size distribution per night (5hrs) 

~100 spectroscopy with orbit per night (5hrs)

faint meteors ~13th mag.

Limiting magnitude for stars 
~19mag. (2Hz at V-band) 

Future Plan
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木曽観測所と京都大学 MU レーダの位置関係
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