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Abstract

The Lixiaohua collisional family lies in the Outer
Main Belt, close to the well characterized Themis (and
its Beagle sub-family) primitive class family. It is one
of the only three families that hosts two active aster-
oids: 313P/ Gibbs and 358P/PANSTARRS (P/2012
T1). We present results of a visible and infrared
spectroscopic program using the 4.Im SOAR and the
3.56m Telescopio Nazionale Galileo. We observed
asteroids members of the Lixiaohua family with the
aim of: (1) accurately determine the spectral class and
spectroscopic properties of the family; (2) measure the
water content by studying the 700nm absorption band
and the UV drop below 500nm due to hydrated min-
erals on their surfaces and derive information about
the mineralogical composition and degree of heating
of the family parent body, (3) analyze if active aster-
oids P/2012 T1 and 313P are real family members.
The study of the collisional families that host the Main
Belt Comets is of fundamental importance to under-
stand their activation mechanisms and the abundance
of water in the main belt.

1. Introduction

Active Asterods (AAs) are small bodies with orbits
typical of asteroids (I; > 3.00) that exhibit comet-
like activity. There are several mechanisms that can
trigger activity in an asteroid , such as an impact, ro-
tational break-up, thermal fracturing or sublimation of
volatiles [?]. Objects in which the activity is believed
to be driven by sublimation of ices are also refereed
to Main-Belt Comets. The relation of AAs with colli-
sional families is not considered to be uncommon[?].
The object 358P/PANSTARRS (hereafter 358P)
was originally discovered active in the October of
2012, while 313P/ Gibbs (hereafter 313P) was discov-
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Figure 1: Absolute Magnitudes of Lixiaohua fam-
ily asteroids as a function of the semi-major axis
(grey circles). Blue triangles indicates members that
were observed only in visible wavelengths, while red
diamonds indicates the ones obtained only in the
near-IR. Purple plus signs shows objects observed
in both regions. The black solid line represents
the Yarkovsky envelope [11]. The brown and yel-
low stars are MBCS 358P and 313P, respectively,
with estimated absolute magnitude obtained from JPL
(https://ssd.jpl.nasa.gov/).

ered in September 2014 [5, 9]. A strong indicative of a
sublimation-driven coma is the recurrent activity when
the objects are near to their perihelion. This behavior
was detected in both MBCs. The object 313P was ob-
served active in precovery images from 2003 of the
Sloan Digital Sky Survey (SDSS)[3, 7]. [1] observed
358P on July and August 2018, months before the ob-
ject reached perihelion, and found that activity was not
detectable at the distance. While recently, presented
new images of 358P with recurrent active on Novem-
ber, 2017 [4].



The discovery of water ice in the main-belt, indi-
rectly through MBC, and directly in the surface of (24)
Themis, (65) Cybele and (1) Ceres [2, 12, 10] are spe-
cially interesting for Solar System and Earth formation
models. These objects can help to constrain the ther-
mal and dynamical history of the Solar System, and
where primitive asteroids were actually formed. Also,
there is modern theories that proposes that Earth’s
volatiles were accreted from collisions with ice bod-
ies, preferably originated from the asteroid belt.

2. Experimental Design

In this work we investigate the spectral properties of
the family, using the 4.1m SOAR and the 3.56m Tele-
scopio Nazionale Galileo, and the possible link to the
main comets 311P and 358P. We present new data in
the following wavelength coverage:

* 13 objects observed in the 0.5-0.9 y4m range.
¢ 13 objects observed in the 0.4-0.9 ym range.

* 8 objects objects observed only in the near-
infrared (0.9-2.4 pum).

3 objects observed in the 0.5-2.4 um.

* 6 objects that were observed with a wavelength
coverage of 0.4-2.4 pym.

In fig. 1 we show the Yarkorvisky cone for the Lix-
iaohua family, together with the information of ob-
served targets of this work, and the Main-Belt comets
members.

3. Comparison with the Main-Belt
Comets

We compared the family spectroscopic properties with
the data available for the AA members. Only ob-
ject 358P has published spectra in a comparable re-
gion with our sample. In fig 2 we show the spec-
trum of 358P [5, 14] in comparison with the family
mean. In the case of 313P, there were only colors
available in the literature [9, 7]. Both objects have a
spectral slope compatible with members observed in
the family, though there is probably a blueying effect
in these measurements produced by the presence of a
faint comma [13].

4. Summary and Conclusions

With the exceptions of one object, all Lixiaohua mem-
bers presented featureless spectra with a mean reddish
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Figure 2: The mean spectrum of the Lixiaohua fam-
ily members (black) in comparison with the spectra to
the main belt comet 358P obtained by [5] (red) and by
[14] (blue). The gray region represents the one sigma
deviation from the Lixiaohua mean spectrum. We per-
formed a rebinning of the visible spectra of 358P using
boxes of 1 110\, for better visualization.

slope both in the visible and in the near-IR wavelength
regions. We found few members with a turn-off of re-
flectance, including the two largest family members,
but no unequivocal hydration feature were found.

We found that the Lixiaohua family is the possible
source of Main-Belt Comets 313P and 358P. The Lixi-
aohua family is one of the reddest and darkest families
(mean albedo of 0.042) in the main belt. The physical
properties of the family in combination to the presence
of ice bearing objects and the absence of hydrated min-
erals suggests that the parental body has undergone
nearly no heating since its formation, which indicates
an origin close or beyond the snow line.



Acknowledgements

We thank Henry Hsieh, Bin Yang, and Heather
Kaluna for providing the reflectance spectra of 328P/
Panstarrs. Mario De Pra acknowledges funding from
the Prominent Postdoctoral Program of the Univer-
sity of Central Florida. J. Licandro, and J. de Le6n
acknowledge support from the AYA2015-67772-R
(MINECO, Spain). JdL acknowledges support from
from MINECO under the 2015 Severo Ochoa Pro-
gram SEV-2015-0548. This work is based in part on
observations obtained at the Southern Astrophysical
Research (SOAR) telescope, which is a joint project
of the Ministério de Ciéncia, Tecnologia, Inovacdes e
Comunicag¢des (MCTIC) do Brasil, the U.S.National
Optical Astronomy Observatory (NOAO), the Uni-
versity of North Carolina at Chapel Hill (UNC), and
Michigan State University (MSU).

References

[1] Agarwal,J., Mommert, M., Aug 2018. Nucleus of active
asteroid 358P/Pan-STARRS (P/2012 T1). A&A616, A54

[2] Campins, H., Hargrove, K., Pinilla-Alonso, et. al. Apr
2010. Water ice and organics on the surface of the aster-
oid 24 Themis. Nature 464, 1320-1321.

[3] Hsieh, H. H., Hainaut, O., Novakovié, B., et. al. Feb
2015. Sublimation-Driven Activity in Main-Belt Comet
313 P/Gibbs. ApJ 800, L16.

[4] Hsieh, H. H., Ishiguro, M., Knight, M. M., et. al. Jul
2018a. The Reactivation and Nucleus Characterization of
Main-belt Comet 358P/PANSTARRS (P/2012 T1). ApJ,
156, 39.

[5] Hsieh, H. H., Kaluna, H. M., Novakovi¢, B., et al. Jul
2013. Main-belt Comet P/2012 T1 (PANSTARRS). ApJ,
771, L1.

[6] Hsieh, H. H., Novakovié, B., Kim, Y., et.al. Feb
2018b. Asteroid Family Associations of Active Aster-
oids. ApJ,155, 96.

[7] Hui, M.-T., Jewitt, D., Apr 2015. Archival Observations
of Active Asteroid 313p/Gibbs. AJ, 149-134.

[8] Jewitt, D., Mar 2012. The Active Asteroids. Al, 143, 66.

[9] Jewitt, D., Agarwal, J., Peixinho, N., et. al. Feb 2015a.
A New Active Asteroid 313P/Gibbs. AJ149, 81.

[10] Licandro, J., Campins, H., Kelley, M., et. al. Jan 2011.
(65) Cybele: detection of small silicate grains, water-ice,
and organics. A&AS525, A34.

[11] Nesvorny, D., Broz, M., Carruba, V., 2015. Identifica-
tion and Dynamical Properties of Asteroid Families. pp.
297-321.

[12] Rivkin, A. S., Emery, J. P., Apr 2010. Detection of ice
and organics on an asteroidal surface. Nature, 464, 1322-
1323.

[13] Rondén-Bricefio, E., Carvano, J. M., Lorenz-Martins,
S., Jun 2017. A study of the effects of faint dust comae
on the spectra of asteroids. MNRAS,468, 1556-1566.

[14] Snodgrass, C., Yang, B., Fitzsimmons, A., Sep 2017.
X-shooter search for outgassing from main belt comet
P/2012 T1 (Pan-STARRS). A&A, 605, A56.



