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High-speed and wide-field survey for trans-Neptunian objects

Watanabe, Junichi
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The goal of this study is to reveal outer environment in the early solar
system and migration process of ice giant planets by observing occultations of kilo-meter-size
trans-Neptunian objects (TNOs) and deriving their size-frequency distribution. We have developed a
wide-field high-speed camera with a field-of-view of 5 deg2 equipped with highly sensitive CMOS
sensors and conducted test observations with this camera on the 1-m Schmidt telescope at Kiso
observatory, the University of Tokyo to detect the TNO occultations. We have also developed software

and observation methods necessary for large surveys for the occultations by researching
characteristics of data obtained with this camera in wide-field and high-speed observations in the
ecliptic plane and the milky way regions.



30 ( AU)
100AU
trans-Neptunian
objects; TNO TNO 2,000km
100m
TNO
size-frequency distribution;
SFD
TNO
TNO 1,200
SFD 20km
Fuentes+2008 10km TNO
30 10m
TNO
TNO
Zhang+2013
1~10km SFD
100m  TNO
SFD
Schlichting+2012
30km TNO
km
SFD
TNO
SFD km
km TNO
1 102 10° /
0.2~1
CCD
10 /
CMOS
105cm

Yo KB (deg?)

Apparent magnitude (albedo=0.04 Z{E )

35 30 28
10t T —
10° v
\
~. N . e
7 b UFL e AREOBIE
Schlichting+20\l e :\
i Zhang+2013
105 S _KEBLRME
3
S AL ST
103 | N RENBHK
N
Schlichting+2013™~,
IC&BHERE TV [ S
10! | \
Fuentes+2008

0.1 02 05 1 2 5 10 20 50

TEE (km)
1 TNO
10Hz
km
TNO
TNO
km TNO SFD
1 TNO
km
TNO
km
TNO
TNO
TAOS-11 2.3
CMOS 1.3m
2018
TAOS-11
TAOS-11
CMOS
CMOS
4 (TAOS-11
)
36



(RIS 12,5 FHD AV BB ()

=10
® 05
=
00 L— : ' : :
04 02 0 02 04
ISR R A B DIFE] £ (F))
2 3km 40AU TNO
km TNO
4
CMOS
CMOS
100
TNO  SFD
40AU
1.4km
km  TNO
2
Nihei+2007
TNO 0.2 1
TNO
X
Zhang+2013 1
Schlichting+2013 1
100 km
100 7/

SFD

SPIE

26
27
1.0m
28
29
3
Tomo-e Gozen
Tomo-e Gozen
2 /

CMOS

200

CMOS

30

6-7
ACM2014

CMOS




GPS
+ 0.2
Tomo-e Gozen 372
Palma
30,000 0.5
400

1 40
2% 4

10%

%
5

1 20, 19%-400#/400# Gemini 1-Chip4-Set1
U@ LESREDE DD Y FE0.TEE S LA
051 h—T DA i

-
o
[63]

Jy
i
o

gL L7 fE
o
1

=
o
S

0.95:m

094 50 700 750 200

B (]

40
2% 2017

30

29
the Transneptunian Solar System
13 Asian-Pacific Regional 1AU

Meeting

8
Kuroda, D.; Ishiguro, M.; Watanabe,
M.; Hasegawa, S.; Sekiguchi, T.; Naito,
H.; Usui, F.; Imai, M.; Sato, M.;
Kuramoto, K., Significantly high
polarization degree of the very
low-albedo asteroid (152679) 1998 KU2,
Astronomy & Astrophysics, ,
Volume 611, (2018), A31-, DOI:
10.1051/0004-6361/201732086
Hasegawa, S.; Kuroda, D.; Yanagisawa,
K.; Usui, F., Follow-up observations
for the Asteroid Catalog using AKARI
Spectroscopic Observations,
Publications of the Astronomical
Society of Japan, , Volume 69,
Issue 6, (2017), 99-, DOI:
10.1093/pasj/psx117
Kozak, P. M.; Watanabe, J.,
Upward-moving low-light meteor - 1.
Observation results, Monthly Notices
of the Royal Astronomical Society,

, Volume 467, lIssue 1, (2017),
793-801, DOI: 10.1093/mnras/stx008
Arimatsu, K.; Tsumura, K.; Ichikawa,
K.; Usui, F.; Ootsubo, T.; Kotani, T.;
Sarugaku, Y.; Wada, T.; Nagase, K.;
Watanabe, J., Organized
Autotelescopes for Serendipitous
Event Survey (OASES): Design and
performance, Publications of the
Astronomical Society of Japan, )
Volume 69, Issue 4, (2017), 68, DOI:
10.1093/pasj/psx048
Kwon, Y. G.; Ishiguro, M.; Kuroda, D.;
Hanayama, H.; Kawabata, K. S.; Akitaya,
H. Nakaoka, T.; Itoh, R.; Toda, H.;
Yanagisawa, K.; Lee, M. G.; Ohta, K.;
Yoshida, M.; Kawai, N.; Watanabe, J.,
Optical and Near-infrared Polarimetry
of Non-periodic Comet C/2013 US10
(Catalina), The Astronomical Journal,

, Volume 154, Issue 4, (2017),
12-, DOl: 10.3847/1538-3881/aa89%f
Muller, T. G.; Durech, J.; Ishiguro,
M_; Mueller, M.; Kruhler, T.; Yang, H.;
Kim, M.-J.; O"Rourke, L.; Usui, F.;
Kiss, C.; Altieri, B.; Carry, B.; Choi,



Y.-J.; Delbo, M.; Emery, J. P.; Greiner, ()

J.; Hasegawa, S.; Hora, J. L.; Knust, USuUl, Fumihiko
F.; Kuroda, D.; Osip, D.; Rau, A_;

Rivkin, A.; Schady, P.; Thomas-Osip, 30720669

J.; Trilling, D.; Urakawa, S.;

Vilenius, E.; Weissman, P.; Zeidler, SAKO, Shigeyuki

P., Hayabusa-2 mission target asteroid
162173 Ryugu (1999 JU3): Searching for

the object®s spin-axis orientation, 90533563
Astronomy & Astrophysics, ,
Volume 599, (2017), 25-, DOI: ®) ] ]
10.1051/0004-6361/201629134 MAEHARA, Hiroyuki
Morii, M.; lkeda, S.; Sako, S.; Ohsawa,
R., Data Compression for the Tomo-e 40456851
Gozen Using Low-rank Matrix
Approximation, The Astrophysical MITO, Hiroyuki
Journal, , Volume 835, Issue 1,
(2017), 5-, DOI: 00396805
10.3847/1538-4357/835/1/1
Terai, T.; Itoh, Y.; Oasa, Y'i Furusho, AOKI, Tsutomu
R.; Watanabe, J., Photometric
Measurements of H20 Ice Crystallinity
on Trans-Neptunian Objects, The 10251414
Astrophysical Journal, , Volume
827, Issue 1, (2016), 10-, DOI: SOYANO, Takao
10.3847/0004-637X/827/1/65
20251415
7
CMOS

Tomo-e Gozen —

2017

Development of a prototype of
the Tomo-e Gozen wide-field CMOS
camera SPIE Astronomical Telescopes +
Instrumentation 2016

CMOS
Tomo-e Gozen —
2016
CMOS
Tomo-e —
2015
CMOS
Tomo-e 2015
CMOS
2014

Faint-meteor survey with a
large-format CMOS sensor ACM2014 2014

Tomo-e Gozen
http://ww.ioa.s.u-tokyo.ac.jp/tomoe/

o
WATANABE, Junichi

50201190




