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Figure 1. The lightcurve for 2012 TC4 phased to a period 12.24
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Figure 2. Raw time series plot of 2012 TC4 data.
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Purposes

¢ Spaceguard exercise

If an impact hazard asteroid comes to the
Earth, we must clarify the physical
properties of the asteroid.

¢ Science of small monolithic asteroids

Taxonomic class, Shape => How to produce small

monolithic asteroid?



Observations




A, b o
Kiso 1.05 m + The Tomo-e Gozen Camera/ & mifi 5. SRERNLRT)

Bise1 Spaceguard Center (BSGC) 1.0 m/Anan 1.13 m /
Nayoro 0.4 m

* Visible multiband photometry (g’, 7, i’, z’band)
BSGC 1.0 m

* Near-infrared multi-band photometry (J, H, K, band)

Nishi-harima 2.0 m + NIC (three-band simultaneous camera)

Year/Mon /Day Ge.ocentric Phase angle  Sky motion
distance
(UT) (AU) (°) " /min

2017/10/9.4578 — 9.4998 0.011 — 0.010 31.4 — 31.5 4.16 — 4.54
2017/10/10.4029 — 10.5808  0.007 — 0.0064 33.3 — 34.1 6.77 — 9.36
2017/10/11.4283 — 11.6130 0.0032 — 0.0025 38.0 —40.7 28.17 —43.24




Extremely wide-field CMOS camera |
The Tomo-e Goze

» Telescope Kiso Observatory 1.05 m
« FoV 9 deg in diameter
* Sensor Canon CMOS x 84

« Estimated completion date 2019
 Frame rate(max) 2 frames/sec = 0.5 sec exposure

The high frame rate of the Tomo-e Gozen is suitable for
observations of fast moving objects.
Duration of test observation by using 4 chips: October 2017

35 mm full HD, 1k x 2k pix?,

84 chips Canon



Video of TC4 by the Tomo-e Gozen




Lightcurve
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Z The lightcurve inversion program (Kaasalainen 2001)

). 1s not released for tumbling asteroids.

] S Asteroids motion can be described with the dynamics
v ] of a force-free asymmetric rigid body motion.

B ¢ : Rotation g

\ Long axis mode
/N i &' S 5

/ < > Y ¢ : Precession
II q) \\V

The analytical
solution can give
the limit for the
axis ratios of TC4.

The axis ratios
deduce the 4 (z),

¢ (1), ¢ (1), and
& (1).

The Euler angles 0, ¢, and ¢
describe the motion of body with
respect to the external observer.
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1 . Short axis mode

¢ : Rotation

o
Oscillation

The analytical solution can give the limit for the axis

The Euler angles 0, ¢, and ¢ ratios of TC4. The axis ratios deduce the & (2),
describe the motion of body with ¢ (%), 4 (1), and & 12).
respect to the external observer.



Shape and motion

Input:
Observational results
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An analysis of
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Equations
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(Landau and Lifshitz 1976,
S Samarasinha and A’"Hearn
1991,Kaasalainen 2001 )




Shape and motion

Input:
Observational results

Lig
am

An analysis of
force-

Out put:

Axial lengths (L, L, L))
01, &), (),

L.=
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L>

o (t

3

A representative axial length combination: L= 3.3 m, L, = 8.0m, L, = 14.3m
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Axis ratios of boulders on surface of

asteroids is ~ 2 :V2:1 P
¥ S I%
Axis ratio (L,/L,) of spall fragments TCAITZSIIR TR

is ~ 0.4 (Michikami+ 2016) LIZBA 724 9,




