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Metal Abundances of Meteoroids in Meteor Showers:

Solar Heating Effect on the Meteoroids

HE:

Solar heating effect on meteoroids during orbital motion in interplanetary space is investigated by the spectroscopic
observations of several meteor showers. The effect is considered to change the metal abundances especially for
relatively volatile element such as Na, and to depend both on the (1) perihelion distance of the orbit and on the (2)
exposed duration time. Metal abundances of Leonid meteors with perihelion distance ~1AU, and Geminid meteor of
orbits with small peribelion ~0.14AU are compared. Solar heating effects among Leonid meteoroids are investigated
by the metal abundances deduced from two dust trails formed in different epochs. As a result, it is not confirmed that
existence of this effect within about 100 years difference of the exposure. On the other hand, the depleted abundance
of the Na was detected on a Geminid meteor, which indicates the existence of the solar heating effect depending on the

(1) perihelion distance of the orbit.

The Leonid meteor shower is caused by the Earth's encountering dust trails formed by Comet 55P/Tempel-Tuttle.
After the return of this comet in 1998, a theoretical calculation predicted that the peak activities could go up to a “storm’
level in next five years. In order to investigate metal abundances of meteors, a High-Definition TV spectroscopic
observational system was constructed in 2001. The system was focused on the near - ultraviolet wavelength range
(300 - 650 nm) by combining reflective grating (600 grooves/mm, blaze 300nm; 500 grooves/mm, blaze 330nm), UV
lens (f=30 mm, F1.4), Image Intensifier (I.1.), and High -- Definition TV camera (HDTV). The spectral resolution of
1.0 ~ 2.0 nm was achieved. The diagonal coverage of the field of view (FOV) was 30° .

In 2002, the author participated in NASA's Leonid Multi — Instrument Aircraft Campaign (Leonid MAC), which had
started since 1998. This mission concept is to bring together world - wide scientists from different disciplines and
cooperatively observe the Leonid meteors using a wide range of techniques. The route of the two aircrafts in 2002
was from Torrejon, Spain to Offutt, Nebraska in order to encounter two predicted shower peaks deduced from two dust
trails; one is the 1767 and the other is 1866 trails.

HDTYV spectra in the ultraviolet -- visible region were obtained during the 2002 Leonid aircraft campaign. Total 20
meteor spectra are obtained, where 7 from the 1767 and 13 from 1866 trails, respectively. The .identified neutral
atoms are Mg I, Fe I, Ca I, and Na I in the observed wavelengths between 300 - 650 nm. The singly ionized atomic
emissions, Ca II and Mg II lines, also appeared in the spectrum.

The abundances of metallic atoms, the electronic excitation temperature and electron density are obtained for each



spectrum, assuming the Boltzmann distribution for the number of each energy level, together with using a modified
conventional method for meteor spectra. To estimate the degree of ionized atoms, the author improved an origin of
Call emissions and firstly obtained reliable electron densities and metal abundances, in particular Na. The metal
abundances of Fe, Ca and Na relative to Mg are slightly lower than solar abundances in average. The correlation
between the excitation temperature and the abundance of Ca, which suggests incomplete evaporation of the Ca due to
intrinsic refractoriness, was found.

No evidence of solar heating effect on Leonid meteoroids between 1767 and 1866 trails was confirmed. The
supportable idea is that the metals in silicate are preserved in interplanetary space at least several hundred years is
supportable.

On the other hand, the result mentioned above gives no information on the effect of the (1) perihelion distance,
because all the meteoroids in the Leonids have almost the same perihelion distance (~1AU). It is the reason why the
author focused on the Geminid meteor shower, of which the perihelion distance is small (g~0.14AU). The
observational system for the Geminids is the same as the Leonids, except the observational locations (ground-based
observation at Nobeyama Radio Obs.). The result of a Geminid meteor spectrum derived shows extreme Na depletion,
which is different from solar abundance and that of meteors
of other showers. The result may shows the solar heating effects on Geminid meteoroids, even if there are other
possibilities, such that the parent body is not usual comet, but asteroid 3200 Phaethon. At the present, this is not
conclusive.

Two factors of solar heating effect: (1) dependence of perihelion distance and (2) exposed time are studied in order to
discuss solar heating effect on meteoroids in meteor showers as stated above. For an attempt to investigate the
possibility of this effect on metal content in meteoroids, the author tried to calculate the equilibrium temperature of the
meteoroids in two meteor showers during their orbital motion as a first approximation. Solar heating effect on metal
in meteor shower, such like Na depletion on small perihelion, can be discussed by assuming condensation temperatures
of the elements from a solar composition gas. Calculation of the temperature of meteoroids with several perihelion
distance revealed the possibility of depletion of the relatively volatile species such as Na in meteoroids with small

perihelion (q ~0.14AU) due to the solar heating effect.
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