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Abstract

It has been suggested that the asteroid 2007 MKg (hereafter MKG6) was released
from (1566)Icarus (hereafter Icarus) (Ohtsuka et al., 2007). Rotation period of
Icarus was estimated to be 2.2726 hours (Warner, 2015) which is slightly slower
than the rubble pile spin barrier ( 2.2 hours). Since the diameter of Icarus is as
small as 1 km (Harris, 1998), the YORP effect may change the rotation period.
A spin rate acceleration for the Icarus caused by YORP effect might result in an
disintegration in the near past.

In order to examine the hypothesis that "MK6 was released from Icarus”, we
observed Icarus and MK6 at Nishi-Harima Astronomical Observatory with the
2.0m Nayuta telescope and Nishiharima Infrared Camera (NIC). The NIC is a
near-infrared three band (J, H, and Ks) simultaneous camera. In this study, we
derived near-infrared colors (J — H, H — Ks) of Icarus and MKG6.

Based on our color observation, we confirmed that Icarus is a Q-type or S-type
asteroid, that is consistent with the colors in visible wavelength (Hicks et al.,
1998). On the other hand, it is difficult to unambiguously classify the spectral
type of MK6 due to a large photometric error. We need more data to determine
the spectral type of MKG6, and to examine whether Icarus and MK6 are made up
of the same material or not. The next opportunity for observing MKG6 is in June

2025.
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1.1 (1566)Icarus 2007 MKg

000000000000000000000000000000000000
20000 00000000000000 (1566)Icarus(0 O Icarus) O 2007 MKg(O
0MK6)OOO200000000000Icarusd MK60OOOOODO 1.100

gdg

Ohtsuka er al. (2007) 0000000000000 IcarusO MK6O OO DOOO
O00OOoOMKeD learus DO OODOOOODO0ODOOODOOMKeOODODOOO
O00000Icarus0 MK6OOOODOOOOODODOO0ODOOOOOODO (family) O

goboooogd

0 1.1: (1566)Icarus O 2007 MKg O O 000 (J2000.0)

ORBITAL ELEMENTS

(1566)Icarus
2007 Apr 10.0¢

2007 MK

2007 Apr 10.0¢

Mean anomaly M O O 0O OO
Perihelion distance ¢ (AU) OO
Semimajor axis ¢ (AU)0O 00O
Eccentricity e 00 O 00O OO
Argument of perihelion w0 O
Longitude of ascending node {2
Inclination : 000 ODOOOO
Reference 000 OO OOOO

285.14414°
0.1866177
1.0778849
0.8268668
31.29236°
88.08105°
22.85385°
JPL

336.75725°
0.1959358
1.0807494
0.8187038
25.38152°
92.94672°
25.15553°

Nakano

*Osculation epoch (TT).
00 : Ohtsuka et al. (2007) Table 1
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1.2 00000

googobbbobobbbouodgooooobbbbobbbodgooooo11go
gogooobbobobbbodooooooooboboobobboooboboboooga
gbobobooboboboboobdbIcarus MK6ODODODODODOOO
gogoboboobboodooooooboboobbbbooooooooboobbbooo
gogobobbobbboodoooooobbobobuoooooobbobboogo
gogboboooobbboooobobbooooboboooobooboood

OO0 MK6OUODOUODO lcarus D OO0 O0OO0OIcarus MK6OODOODOOOOO
godbloooooobboobbboooooooobbobbboougd
gobboobboodbobboobobuooobbooobbboobobobood

1.3 000oooooood

gliligdbbuodgbbooobooobbuoobboobobobbd 200md
ggobooobo22200bbobobudooobobodoooobooboooad
0000000000000 000 (000000000 0oO00ooOOooooo
0)00000000000000000000 (Warner et al., 2009) 00000
ggobbbbbobuoooooobbbbbouooooooobbbboago
g2200000000bboobogbbbogbbuodboobobuoobobo
ggbbobogogboo

l[carus 000000227260 000000000 (Warner, 2015000000
gogbbobuoobobboooobbbooogbbodao

1.4 YORPOO

0000000000000 0000D000 100 YORPOODOOO (e.g., Pad-
dack, 1969) 0 YORPO OO DO OOOOODODODODDODOOOODOODODODDOOOOOO
gbodooodoooduoodouooduoooooooououooooouo
0000000000000 (e.g., Rubincam, 2000)0 O O O (1620)GeographosO
(1862) AppolloD (25143)Itokawall (54509)YORP 0 400000 0O YORP OO
000000000000 000000 (Durech et al., 2008, Kaasalainen et al.,
2007, Taylor, 2007, Lowry et al., 2014)0
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Rotation period (hour)
T
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100 B o
0.001

Diameter (km)

01.1:.0000000000000000000 LCDB(The Asteroid Lightcurve
Database) 000000 Iecarus0 000

gogobobbobboooooooobbbbooooooobbobobooo
00000000000 00O0O0000O0O000OoODO (D 12)00000oo
gogobobbobobbbbodooooooobbboobbboodaoboodgd
gbooobooboobbuooboobbooboobbooboobbon
goobobbobbobouoooooobobbbbooooooobbobboago
gboobbooboobboobuoobbooboobbooboobbon
goooooooobbbobbbbotbuooooooobbobbboougo
gogoboboobboooooooobboobbooooooobbobobbooo

YORPOOODOODO

gboogboboobooboobooobsbbobobuogbuoobboobd
gogooobbobobbbbodooooooooboboobboos3bbobboboood
ooooooooobooyorRPOOODODOOODODODDODODOOOODODO

o000 YORPODODODOODOODOO
[carus 00000 1kmO0O0O (Harris, 1998) 000000000 YORPO OO

gogbbobooobobobooooboo
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012 YORPODOOUODOOOOODODOOODODODOOODOODODODDODOOOODO
ggbbbuooobbbooodobobbbooobbboooob

(http: //www.ioa.s.u-
tokyo.ac.jp/kisohp/RESEARCH /symp2007/pdf /kiso2007 kitasato.pdf)

1.5 00000

gbobood MKeD lcarusUODOO0OODOO0OOOOOODOOODDOO
OOoooobobo02mO00D000D000DO0O0ODO0O0OONICOODOOOIcarus
MKeODUOD30OOOooooooooobOOIecarus MK6ODODOODOODOO
ob0300000000000000000DO0D0O0Icarus0 000 20150 6
O1sbooeb21000MKedD OO 20160 60 150060 1800000000
Ooboobooboooobbooboobd IearusO MK6OOOD 1000000
gogobboobobbouoooooobobobbouooooooobbboboogo
Ob0ooboobobobdbfIecarus MK6ODODOOODOOOOODOOODOO
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20 Uootbdod

2.1 OO0OOong

gogobobobobbbodooooooobbbbodoooooboobooboboooa
gogobbbobbtouooooobobobbbuooooooobbobbougo
gogbobobogoobobogao

[carusO MK6 OO OODOOODOOOOOIecarus MK6 OO ODODOODOOO
gboobooobobOMKeD IearusUDOO0OO0OO0OOO0OO0DODOUODOIcarus
MK6DOOUOODODOODODOOIearusO MK6ODODOODODOOODOOOOOODODOO
0O0OMK6D Icarus U O D OO0DOOO0DOODOOODOO

22 OO0OOOO

0000000000000 00000UUoDooo0oOoOoooog (eg., Bus
etal.,2002)0000000000000O0O0OODODOOOCOOOOOOOOOOO
0O((@21)00000SO0O0OO0OOoCcOOoooooMOOOoOOOoOoOoOoooo
ERN

gbooootuotooobootuoooooonoouoooooouoooon
(e.g., Sykes et al., 2000)0 0 2.1 0 2MASS(Two Micron All-Sky Survey) 0 00O
ooooUoo J-H H-KsOOUOooooooooooooobooooooobooo
gdododododooouoooouooooooooooooooon
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googod goooo
MO gbhbbuoooobbbooobobbobbboooobbob 4
co 000000000 1% 0000000000000000000
S0 gobibDlymOdO0bDbOOOoOoobbObOO0o0oobbboooonoobn
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A0 gbbboooobb 1pymodgobbb obbbdg obbod

00 : 00,00 (2010)

googod

2.3 Icarus MKeO OO OOOMO
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QUOD0OO0OO0O00O0O0DDODO (Chapman et al., 1975, Hicks et al., 1998)0 MK6 O
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U340 Ui

3.1 U000

000 lcarusOMK6 O OO OO0O0O0O00OO (http: //www.nhao.jp) 00000
00000000000 00oooDooO0o0O0OO00OoUOooO (Do 134720080 0
0 3570131000 449m) 00000000

U3 000000002015060 200000

3.2 0O0OOO

O00000000o0oooo2mO0000000 (http: //www.nhao.jp/resear
ch/nayuta_telescope.html) 0 00 00000 OO NIC(http: //www.nhao.jp/%7En
ic/nic_wiki/index.php) OO0 00 OCONICODDOOOOOOOOOOOOOOO
gbobobobJobOoboHODOOOKsODOOO 3boooooooooooo
oobooOoboooobobooboooosigoNIcooobooooono 3200
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U31:00000do0oo

goboboogn
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goboboogn
gobobooon
goboboogn
gobobooon
goboboogn
gobobooon
gobboogn
gobobooon
gobboogn
gobobooon
gobboogn
gobobooon

0000 /2000mm0000/F1.50000000
0000000000000000000000
0000000 (F12)0000000 1(F12)00
000000 2(F5) 0000000000000
0000000000 00000000000
AZO 00 050/00ELO OO 050/0 O
0000000000 00000000000
0000000000 00000000000
HIVISCAS (000000000000000)
NIC (000000)000000000000
MINT (0000000)0000000000
MALLS (0000000000)0000 OO0
VTOS (00000000)000000000
LISS (0100000000)000000000

00 : http: //www.nhao.jp/research /nayuta_telescope.html

g

ggooobod

032 00000000NICO0ODO

Unit J H Ks
Wavelength center m 1.25 1.63 2.15
Wavelength width ©m 0.16 0.30 0.31
Conversion factor e~ /ADU 9.2 £ 0.2 9.8 £0.2 94 +£0.2
Linearity limit ADU ~8000 ~8000 ~8000

Field of view
Limiting magnitude

arcmin

mag 18.9 19.0 18.0

20273 x 273 273 x 273 273 x 2.73

00O : Takahashi et al. (2013)
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O 3.3: IcarusOOOQOQOO

00 (UT) 00 0000 (s) OO 00
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12:19:08-12:23:01 0O 0OO 5 10 o
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0 6.1: O00OO0OO0OOO
Band Unit Cut-on Cut-off Center Width

J pmo 1175 1.332 1.253  0.157
H pmo 1.484 1.781 1.632  0.298
Ks pmo 1.990 2303  2.146  0.313

Cut-on, off : 50%0 00O

Center : (Cut-on + Cut-off) / 2

Width : Cut-off - Cut-on

00 : http: //www.nhao.jp/ ~ nic/nic_wiki/index.php?0 0000 0O
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