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Czech Republic

(3): Max-Planck-Institut für Extraterrestrische Physik (MPE), Giessenbachstrasse 1, 85748 Garching, Germany

(4): Mt. Suhora Observatory, Pedagogical University, Podchorążych 2, 30-084, Cracow, Poland
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Introduction

Slow rotators are ubiquitous among asteroids (see recent results from Kepler K2 and TESS,
Molnár et al. 2018; Pál et al. 2020)

Ground-based lightcurve surveys disfavoured targets with P>12 hours

Scarcity of dense lightcurves → lack of spin and shape models → biased statistics

Also poorly studied in thermal infrared

Particularly interesting targets for thermophysical modelling (TPM) → Larger skin depth?

Reports of larger thermal inertia for longer rotation periods (Harris & Drube 2016; 2020)

Lightcurve inversion shapes used in TPM: results sensitive to small-scale shape variations
(Hanuš et al. 2015)

Histogram of asteroid rotation periods from ground-based
observations (red), Kepler K2 (blue), and TESS (black)

[from: Pál et al. 2020].

Distribution of rotation periods and amplitudes in ∼ 1200 main

belt asteroids. Scarcity of spin and shape models for slow

rotators, especially with small-amplitude lightcurves (violet).
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Methods

Our photometric survey focuses on ∼100 slow rotators (Marciniak et al. 2015; 2019)

Dense lightcurves gathered thanks to 25 small telescopes worldwide + Kepler and TESS data

Aim: to decrease the bias, determine thermal inertia and sizes

Thermal data from infrared satellites: WISE (Wright et al. 2010), IRAS (Neugebauer 1984),
and AKARI (Usui 2011)

A novel approach: simultaneous optimisation of visible and thermal data using

Convex Inversion Thermophysical Model (CITPM, Ďurech et al. 2017)

Result: size-scaled shape models + thermal inertia

Good fit to both thermal and visible data

Example of model fit (red lines) to visible
lightcurves (blue points) for (667) Denise.

Thermal lightcurve fit (red) to WISE W3
data (black) for (667) Denise.
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Reduced χ2 vs. thermal inertia for various
combinations of surface roughness (symbols)

and optimised diameters (colours). Target: (667)

Denise.
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Results

Sizes from CITPM are confirmed by fitting to stellar occultations (PDS, Herald et al. 2019).
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Figure: CITPM shape models of (667) Denise fitted to three stellar occultations. Pole 1 solution (blue) is clearly preferred over pole 2

(magenta). Occultation observers: R. Nugent, G. Nason, M. McCants, P. Maley, D. Weber; S. Meister, A. Schweizer, C. Ellington,

S. Sposetti, A. Manna, A. Ossola, O. Schreurs, M. Bigi, P. Baruffetti, F. Van Den Abbeel, J. Bourgeois, R. Boninsegna; K. Hanna, K. Green,

R. Kamin, S. Conard, K. Getrost, A. Scheck, A. Caroglanian, J. Massura, J. Harris, C. Anderson, K. Thomason, M. Wasiuta, B. Billard.

CITPM occultation scaling

Target Pole 1 Pole 2 Pole 1 Pole 2

362 Havnia 92+6
−5

km 91+8
−3

km 84 ± 1 km 88 ± 1 km

618 Elfriede 145+15
−13

km 146+15
−16

km 145 ± 7 km 155 ± 2 km

667 Denise 83+4
−2

km 82+5
−2

km 83 ± 2 km rejected

Table: Diameters of equivalent volume spheres from CITPM and from fitting these models to stellar occultations.
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All results

Spin parameters and thermophysical characteristics of asteroid models obtained here. Columns contain: asteroid name, J2000 ecliptic

coordinates λp , βp of the spin solution, with mirror pole solution in the second row, sidereal rotation period P, and the deviation of model

fit to those light curves. Next part details the radiometric solution for combined data: surface-equivalent size D, geometric albedo pv ,

thermal inertia Γ , and the reduced chi-square of the best-fit (χ2
red

). Last two columns give average heliocentric distance of thermal

observations rhel with standard deviation, and thermal inertia normalised to 1 AU ΓAU .
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Summary

We recently obtained detailed models for 16 slow rotators (arXiv:2109.00463).

Substantially enlarged the sample of modelled and precisely scaled slow rotators with
available thermal inertia.

Validated the approach of simultaneous fitting of infrared and visible data.

Determined sizes are on average accurate at 5% precision level, D = 25–145 km.

Thermal inertia reaches wide range of values, from 2 to < 400 SI units.

No trends in thermal inertia with rotation period in the studied sample of MB asteroids.

But: even the slowest rotators in our sample, have thermal skin depth of only a few millimetres.
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https://arxiv.org/abs/2109.00463

	Slow rotators
	

	Methods
	

	Results
	
	

	Summary
	


