REFLECTANCE SPECTRUM OF (1154) ASTRONOMIA
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Abstract.  First reflectance spectrum in the near-infrared region between 0.9 and 2.5
pm of asteroid (11154) Astronomia is presented. Taxonomic and comparative plane-
tology studies show similarities with carbonaceous and enstatitic chondrite meteorites.
Spectral data together with thermal albedo conclude to a surface rich in CM, CM-like
regolith. Numerical integration of clones for this object shows no marked chaoticity.
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1. INTRODUCTION

Asteroid (1154) Astronomia is a large asteroid located in the outer part of the
Main Belt of Asteroids (Figure 1). It as discovered by K. Reinmuth en 1927 (Klare,
2003).

This asteroid was observed by ECAS survey of color index (Zellner, Tholen,
and Tedesco, 1985), and its thermal albedo was also derived from IRAS data (Tedesco
and Veeder, 1992). Taxonomic studies concludes to a C taxon in Barucci’s taxon-
omy (Barucci et al., 1987). This taxon is confirmed also with recalibrate IRAS albedo
(Birlan, Fulchignoni, and Barucci, 1996). Based on ECAS data only, Tholen (1989)
classify this object within FXU: taxonomic classes.

Spectral data in the visible region were obtained by the S30S? survey (Lazzaro
et al., 2004) and their taxonomic analysis placed the asteroid into the X-taxon.

The NEOWISE survey (Mainzer et al., 2011) data analysis derived a fairly
low value of the geometric albedo of 0.034+0.006. In the assumption of Standard
Thermal Model, the diameter of (1154) Astronomia was computed for a value of
57.23540.339 km.

Photometry of (1154) Astronomia was published recently; the asteroid spins
with a period of 18.1154+0.0139 hours, and the composite lightcurve has an ampli-
tude of 0.3940.05 mag (Brincat, 2017).

In the article we present first spectrum of this asteroid in the 0.8-2.5 pm spectral
range. Section 3 presents the spectral analysis which was done using the composite
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Fig. 1 — Location of (1154) Astronomia in a diagram eccentricity vs semimajor axis.

visible plus near-infrared (NIR) data. Results concerning its dynamics and conclu-
sions are also presented.

2. SPECTROSCOPIC DATA OF (1154) ASTRONOMIA

Observations of (1154) Astronomia was observed in March 2, 2010 using the
3m telescope IRTF equipped with SpeX instrument (Rayner et al., 2003). The tele-
scope was operated remotely from Paris Observatory (Birlan et al., 2004). Six cycles
of A-B pairs of spectra were obtained for a total exposure time of 24 min. The
object was observed almost at the zenith (an airmass around 1.02). HD73708 star
was used as solar analog for data reducing; indeed, this star is located at almost the
same airmass as the asteroid. Data reduction was performed using Spextool pipeline
(Cushing, Vacca, and Rayner, 2004).

The obtained NIR spectrum has a S/N around 80.

For data analysis, the NIR spectrum was composed with the visible counter-
part obtained the S30S2 survey. The composite spectrum is presented in Figure 2.
Overall, the NIR data are relatively good; a small depression in spectrum, around
1.45um and 2.0pum are the markers that the influence of telluric absorptions were not
completely removed during the data reduction process.
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Fig. 2 — Composite spectrum of (1154) Astronomia.

3. SPECTRAL ANALYSIS AND DYNAMICS

The composite spectrum shows a flat featureless spectrum with a positive slope.
The visible spectrum seems to have a slope slightly larger than the NIR one. The
composite spectrum has a slope of (0.181 + 0.001) pm~".

A taxonomic analysis as well as the comparative mineralogic studies of (1154)
Astronomia were performed using the M4AST online service (Popescu, Birlan, and
Nedelcu, 2012; Birlan et al., 2016).

We used the comparison with Bus-DeMeo taxonomy. (1154) Astronomia is
classified as Cy, C', C,, X}, X asteroid (Table 3).

The comparison with meteorites spectra from Relab database was also per-
formed using M4AST using x? method.

The comparative analysis shows a good match between the composite spectrum

Table 1

(1154) Astronomia taxonomic classes

from Bus-DeMeo taxonomy

Taxon Score
Cy 0.0003
C 0.0005
Cy 0.0006
X 0.0006
X 0.0009
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Table 2

Spectral match between the composite spectrum of (1154) Astronomia and Relab meteoritic samples

Meteorite Type | Relab file Sample

ALH-77307 CO3 | bkrlmpl02 | <125 um
MACS88100,30 | CM2 | clmp22 rock pressed powder
Y-86029,61 C1 bkr2mpl1l | <125 pum
EET96135,20 | EH4/5 | bkrlmt120b | <25 um
A-881632,95 CO3 | bkrlmpl04 | < 125 mum

and the carbonaceous chondrite meteorites (Table 3). Most of the best fit samples are
from meteorites collected in the polar regions of Earth. However, the spectral fit
contains also meteoritic samples which are coming from enstatitic meteorites. This
imply that the degeneracy between chonditic and enstatitic regolith cannot be solved
just using reflectance spectrum data. An investigation of the 3pm spectral region
could help into determining the presence of aqueous alteration on the asteroid sur-
face.

The list of best fit meteorites contains also samples from Kaidun meteorite.
This meteorite is unique while it contains both carbonaceous and enstatitic lithologies
(Nedelcu et al., 2007). Thus, we can speculate that (1154) Astronomia could be an
asteroid which contains both lithologies.

The ambiguity between enstatitic and chodritic composition of this asteroid is
however solved by the measurements of its thermal albedo. Indeed, the low value of
this parameter (less than 5%) is a strong argument to place it between objects with
carbonaceous composition.

Extensive spectroscopic survey as performed recently by Vernazza et al. (2016)
for more than C}/Cyy, asteroids from both families and background asteroids. This
study conclude to a strong similarity between the asteroids and unheated CM chon-
dritic meteorites. Our findings for (1154) Astronomia could be placed in the same
context by several reasons: i) the asteroid is belonging to the C-complex; ii) the
location of the asteroid in the outer part of Main Belt of Asteroids is in favor of
the unheated and unaltered surface; iii) its diameter is smaller than 100 km thus in
agreement with the conclusion of Vernazza et al. (2016).

We followed the orbital evolution of (1154) Astronomia by integrating 10 or-
bital clones for a 10 000 years period in the past. The past evolution shows no marked
chaotic behavior, with the 10 clones following similar trajectories in the phase space
(Figures 3 and 4). For a realistic determination of chaos in the evolution of (1154)
Astronomia we numerically integrated the variational equations of motion for 1My
in the past using the Bulirsch Stoer method (Nedelcu et al., 2010).

The Lyapunov time thus determined is 77, =9 650 4= 40 y. The most important
high order mean motion resonances in the vicinity of (1154) Astronomia location
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are the 19:10 and 17:9 with Jupiter, located at 3.3905 A.U. and 3.404 A.U. respec-
tively,with the later 1.75 times stronger than the former (Gallardo, 2006). Both reso-
nances appear to be crossed multiple times in the last 10 000 years and their locations
explain well the (a,e) phase space trajectory. The Lyapunov time of Astronomia is
typical of objects of moderate eccentricities located in the outer main belt at ~ 3.4

A.U. (Holman and Murray, 1996).

(1154 )Astronomia
3.35

33

WM W‘ M ,V W ﬂ”

2.95
-10000 —8000 —6000 —4000 —2000 0
Years

N

q(AU)
(¢,

3.

3.05 |-

a

—— =

Fig. 3 — The evolution of distance of periapsis for 10 clones of asteroid (1154) Astronomia.
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The numerical integration was done backward in time for 10 000 years.
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Fig. 4 — The evolution of eccentricity versus semimajor axis for (1154) Astronomia.

Vertical lines show the closest mean motion resonances with Jupiter.
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4. CONCLUSION

The asteroid (1154) Astronomia seems more akin to C—complex taxonomy. Its
mineralogy is close to that carbonaceous meteorites. This mineralogy is confirmed
also by its low albedo. Numerical integrations of 10 clones backward in time for
10000 years show no marked chaoticity of this object. The Lyapunov time was esti-
mated to the value T, =9650 £ 40 y.
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