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| Comet Hale-Bopp ( C/199501)
‘ projected on the cometary orbital plane

10-April 1997
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Meteor Head Echo and Meteor Trail Echoes
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Kyoto University RISH MU Radar
Middle and Upper Atmosphere Radar

Monostatic coherent pulse Doppler radar
VHF (46.5 MHz), 1MW peak power, 475 crossed Yagi antennas
Pulse length: 1-500us, Antenna aperture: 8330m2 (D=103m)
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Observed number of meteors,
normalized by beam area, versus

RCS (Radar Cross Section) and
radial disvtance from beam centre.

Y

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

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




[dB)

One-directional gain

Kyoto University RISH MU Radar
Middle and Upper Atmosphere Radar
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4 major sources of
Sporadic Meteoroids

Jones and Brown (1993), NASA Equatorial coordinate(A,3)
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Cometary sources ?

Helion(A ~342° )/Anti-Helion(A ~198°): KB AM - (K& AMA
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Asteroidal sources ?
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Comparison of Orbits between MU Radar and Optical Observations

Object Date a e i W N D
UT au — 2 > - —
Phaethon - 1.27 0.89 222 322.1 2652 -
| -radar Dec/14 1.27 0.89 23.6 325.1 2626
1-opt 15:29 1.22 (.88 23.5 325.1 2626 0013 ‘
2-radar Dec/13 1.20 0.89 24.1 3258 261.7
2-opt 1849 139 091 232 3258 2617 0030 |
3-radar Dec/13 1.21 .89 22.5 3245 2616
3-opt 16:14 1.26 (.88 22.7 3245 2616 0037
Geminids 2010 1.30 0.899 250 326.1 2623 -

Orbital determination by Meteor Head-echo and

optical TV observation is comparable.

Abe et al. Proc. ISTS (2015)



Beginning Height (km)

RCS (Radar Cross Section) controversy
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Briet Summary of Observations

Time (JST)

comment

Day 1 2018-04-18 20:00— 2018-04-1905:00
Day 2 2018-04-19 20:00— 2018-04-2005:00
Day 3 2018-04-20 20:00— 2018-04-21 05:00
Day 4 2018-04-21 20:00— 2018-04-22 05:00

partly cloudy

A

.-
.

Univ. Tokyo

Kiso Schmidt telescope

Clear sky
clear sky
Clear sky
$ Meteor head
> o
Kyoto Univ. MU Radar
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triangulation point
100km over MU radar

FOV of MU radar B8

Q1 (1/4) unit of Tomo-e Gozen

Elevation ~ 30 deg from Kiso Observatory

¢Diroction to MU radar Image by



Example of Faint meteors by Tomo-e GOZEN

Trail of faint meteor

- Faint meteors up to 13 - 14 mag detected. (World record).
- About 1,000 events of sporadic meteors detected in a night (World record).



Results

° MU radar starting point

” MU radar detection
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Vband absolute magnitude

Conversion from GAIA-DR2 G-band (320-1000nm) to Johnson V band



Luminosity Function of Meteor Absolute Magnitude

Cumulative Flux (km2 hour'l)
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Faint Meteors Spectroscony by Tomo-e
~8-9th magnitude with R=10 Grating
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Geminids’ Spectra in 2017-2018  **"”

2017Geminids ©

Mgl-2 Fel-15 Nal-1 / 2018Geminids X
Na free 75.1% 21.2% 3.7% ‘
Na poor 69.5% 17.8% 12.7%
Na enhanced 41.3% 15.9% 42.8%
Solar abundance 39.9%  355%  24.6% b | ke
: B -
Loss of Na (Na free) or significantly depleted Na M O N2 Na Mg

(Na poor) are the trend for sun approaching
object such as Phaethon. Sodium variation can
be seen in different years, suggesting that
Geminid meteoroids were not released from

Phaethon at the same time or different orbital 4K Videﬂ SpeCtrum Of Geminids

evolution after releasing from Phaethon. o

Ogawa, Abe, Maeda(2019)

SONY a7S
600/mm grating

Mg -2 Abe, Ogawa, Maeda (2019) Na -1

150 spectra of Geminid meteor shower in 2017 and 2018 were carried out using 4K high-sensitive camera. The
solid curve shows the relative intensities of the Mg | (2), Na | (1), and Fe | (15) multiplets in meteor spectra
assuming chondritic composition as a function of meteor speed. The speeds (in km/s) are marked with
numbers. For speeds larger than 40 km/s, the line ratios should not change substantially. A chondritic Geminids

with a initial velocity of 35 km/s is indicated as a black circle.



TCOs=Temporarily Captured Orbiters (Mini Moons)
Y Asteroid 2016 HO3:

{ D=0.5m ; dozen
D=0.1m ; 1000

Sun o< -;f"i'Ea,rt'h

i ~0.1% of meteors | 5016M0s
! M. Granvik et al. (2012) }
I T S R e S S e e e e e S S S S S R SN D~40—]OOm
- captured ~100 yrs ago
Earth Orblt existing more several 100 yrs

. unar orbit a=1.0012, e=0.1041, i=7.7714, P=1.0018 yr

TCOs can be captured at Sun-Earth L1/L.2

2006RH120 (D~4m)
—~—— Captured during 2006/9-2007/6

Simulated
minimoon
trajectory

TCO model
M. Granvik+(2017)




Table 1
[n-atmosphere Trajectory, Mass, and Fireball Type Determined for EN130114

Beginning Terminal Radiant and Velocity
Time (UT) 3:01:37.62 UT 3:01:45.70 R.A. (°) Decl. (°) v (kms )
Height (km) 74.589 £ 0.015 32494 £ 0009 35.98 &+ 0.07 69.88 + 0.20 10.917 £ 0.035
Longitude (deg E) 13.42570 £ 0.00014  13.67707 £ 0.00013
Latitude (deg N) 49.07656 £ 0.00006  48.52321 £ 0.00005
Mass (kg) 5 0.2

Slope (deg) 33.302 £ 0.014 32724 £ 0014
Maximum absolute 1.6
magnitude
Total length (km)/Dura- 77.26/8.08
tion (§)
PE/Type 4.60/1
EN stations (2 Kunzak (DAFO), 20 Ondejov (DF)

L 1 l | (NS DO N | I | FRENN| (DY (S | ] | ZET 'R 7R |
Note. PE/Type: Empirical end height criteria and resulting fragmentation | |
J “y '] \ - "N | N
class/type: see Ceplecha & McCrosky (1976). DAFO: Digital Autonomous 5
. TNt ikl 6000 — —
Fireball Observatory, DF: Digital Camera—imaging parameters are the same. - M
2]
2 | |
=)
>
S
= 4000 — —
s
©
= = -
2
w
Fe
2000 — | FeFe -
Crp 11
1st order /\U
0 1 1 1 L} I I I 1 1 I | I I 1 I 1 1 | I
4500 5000 5500 6000 6500

Wavelength (A)

D. L. Clark, P. Spurny, et al, Astronomical Journal, 151, 6, 2016 o6



Thank You

Astro Live
*l-xperiences
o

Artificial meteors for calibrations on the sky
_observed by Radar and Opticalobs rvations

Meteor ablation tests using



