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BETEDHAXRFELY Before & After New Horizons

Stellar Occultations

Speckle interferometry
Charon Mutual Event 1178+23 km (1994)
HST imaging 1160+£12 km (1994)

‘New Horizons =1185 km \

1180+5 km (1993)
1350~1730 km (1987)

Alice




BHTFE & Eris HSTIZ&2EEEBE

Pluto System = February 15, 2006
Hubble Space Telescope = ACS/HRC

Eris
Pluto

Eris

/ Orbit of

/' X Dysnomia

Dysnomia

* Nix N
43,000m|
* Hydra 70,000km 1* €

Dwarf Planet Eris and Satellite Dysnomia + August 30, 2006
Hubble Space Telescope + ACS/HRC

NASA, ESA, and M. Brown (California Institute of Technology) STScl-PRC07-24

NASA, ESA, H. Weaver (JHU/APL), A. Stern (SwRI),
and the HST Pluto Companion Search Team



Diameter: 2400 +100 km
Geometric Albedo: Pv = 86% + 7%

o

Pixel Size of HST: 0.027 arcsec.
= 1875km

Image Size of Eris: 0.034 arcsec.
= 2400km

Deconvolution technique

Size determination of Eris wi'rlh HST

TMT:
0.015"@K
I

ALMA~0.01"

(RER - BER)

NASA, ESA, and M. Brown (Caltech) STScl-PRC06-16b




INEREDHAXANE: [FRIMRIBALETEERIICES"BEAEHE"
INERE (B ER REREHRRER
Galileo (1991) HATS (IRAS:16km) 12 km & -28%

Galileo (1991) 445 (IRAS: 33km) 28 km & -16%
NEAR (1997) IFILSE (IRAS: 61km) 58 km > -5%
NEAR (1997)  TOX (UKIRT: 24km) 17 km & -40%

Eros

Gaspra Ida
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““/‘/7°JLSTM traditional Standard Ther'mal Model
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Mathilde

50 km



ROMRERA = RBESERSFL + BSS

25143 Itokawa

F Observation time: 2004107102
[ Heliocentric distance: 1.035 [AV]
- Geocentric distance - 0.026 [AV]
- Apparent ¥ Magnitude: 19.4 [mag-]
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wavelength [pym]
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0. 25143 Itokawa

F Observation time: 2004107102
[ Heliocentric distance: 1.035 [AV]
- Geocentric distance - 0.026 [AV]
- Apparent ¥ Magnitude: 19.4 [mag.]:

T

0.1 L

0.01

q4E - ER

NBERERES

0.001 ' fiig il iy ik N . EEFEEERT RN
1 10 100

wavelength [pym]

predicted flux density [Jy]
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Hayabusa IE&E# 42 —4 v b Itokawa D EVET RIS

hEFRSERBIEE TIMMIZ
N/ FRISEER A
Sekiguchi et al.2003
N - Q/\2 FAIFEE A

Mueller, Sekiguchi et al.2005
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RN 54 bh—7 (EANE) BRIC LSRR DHETE

Kaasaleinen et al. 2003, Kaasaleinen et al. 2005

EE@EICHLT
B RI=-FIK EhisRIE=-mAK " 590° [ EE

Kaasalainen et al. 2003, Shape model through lightcurve inversion
technique
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TPM: ThermoPhysical Model of 951 Gaspra

Mueller & Laggeros, 2002

IRIF—=/NT2 A (KBKAF=RE RF+BHEH)
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Mid-Time
(Day UT)

Filter

;’&’ .EBand

r

[A U]

A
AU

ESO 3.6m + TIMMI2Ic k3% E &, [, ZH (B0 ERA

AR,

2001 /Mar /14

05:50

N11.9

1.059232

0.073897

+27.54

Sekiguchi et al. (2003)

2001 /Apr /08
2001 /Apr/08
2001 /Apr/08
2001 /Apr/08
2001 /Apr/08
2001 /Apr/09
2001 /Apr/09
2001 /Apr/09
2001 /Apr/09
2001 /Apr/09

09:27
09:42
10:01
10:18
10:34
09:28
09:45
10:03
10:18
10:32

N11.9
N10.4
N12.9
N8.9

N11.9
N129
N9.8

N10.4
N11.9
N11.9

0.983221
0.983198
0.983169
0.983142
0.983117
0.981024
(0.980999
0.980972
(0.980949

0.980928

0.053606
0.053633
0.053667
0.053698
0.053728
0.056409
0.056441
0.056475
0.056504
0.056530

108.33
108.35
108.37
L08.38
108.40
109.93
109.95
109.96
109.98
109.99

Delbo (2004)

and priv. comm.

2004 /Jul/01
2004 /Jul/01
2004 /Jul/01
2004 /Jul/01
2004 /Jul/01
2004 /Jul/01
2004 /Jul /01
2004 /Jul /01
2004 /Jul/01

06:03
06:19
06:36
06:54
07:16
07:36
07:53
08:09
08:37

N1
N1
N1
N1
N2
N2
N12.9
N12.9
01

1.028243
1.028279
1.028318
1.028359
1.028409
1.028454
1.028492
1.028529
1.028592

0.020164
0.020193
0.020224
0.020257
0.020298
0.020335
0.020367
0.020397
0.020450

-54.6:

this work
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EIJFHEli'F%ﬁﬁEE'I = RSO

25143 Itokawa

EObservallon tlme 2004!0?!02
[ Heliocentric distance: 1.035 [AU1
- Geocentric distance - 0.026 [AU]
- Apparent ¥ Magnitude: 19.4 [may_]:

O [ E———— S— ................................................................................................ .

&&'Eﬁﬁ}ﬂﬂ

i 8 7, 10.7, 12.4, 17.7uym
0.01 _ " BB

predicted flux density [Jy]

-

1 1 ] i _“'1_

1 10 20 100
wavelength [pym]

0.001




Itokawa @ ThermoPhysical Model

ANEXATHITVI X ASHE & BERIo T BEEST

(25143) Itokawa (25143) Itokawa
insolation {Win?) temperature (K)

5 -200
-200  -100 =300 200 100

Mueller, Sekiguchi et al., A&A, 2005




EME(=koc)DRBEIL T4 v T4 YT

La) RINRE
sigitiE I =750 J m2s05K- r=10-15
— 11— (Mueller et al.1999)
30 |- R
il =39
(Keihm 1984)
E 25
% -ITtokawa
= 20 1| I =750
b :
1.5} - EBE
O Il r=10000
[ 1| (Mueller, Sekiguchi
N et al.2005)
4 6 8 10 12

Time [hours], Start time: 01-Jul-2004 00:03:00 UT 30




Imaging by Hayabusa Spacecraft

Hayabusa:540x270x210m

TAXA / ISAS our study :520x270x230m
(+/-50) (+/-30) (+/-20)




Itokawa OBETILDOEZEAEDHE

Temperatwre [K], Kaasalainen shape and spin properties

02 ’
Q25 02 015 41 005 0 ces At 013 02 0O

Temperature [K], Gaskell shape and spin properties

e
i,

LA S

42
025 02 015 41

ASt & BEICHT HRES

Mueller, Sekiguchi, Kasalainen, Abe, Hasegawa,2005

Mueller, Usui, Hasegawa,2014



HAETEE (= Jrpcp) DEH

L3O RINERE
r=10-15
(Mueller et al.1999)

H
r=39
(Keihm 1984)

Itokawa

=750
(Mueller, Sekiguchi
et al.2005)

-ERE

I' =10000
(Mueller et al.2005)

Tempel EEDEERORIRMIE | Deep Impactires:
— 0 ~ 10 [ Jm2s05K1]
Groussin et al. 2007

EEM 1 J m2s05K
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[J m_z s_o_s K_1] ﬁ%%ﬂ&%
~ 10 BEZEEEDMMALI(~80%)?, ELR, KEDR
~ 50 kR AL3JX (HI4F 50~ 100 um)
100 ~ 200 f2(d ~mm): 433Eros
200 ~ 400 2 F| (d ~cm): 25143ltokawa’s Muses-Sea Regio
400 ~ 1000 BR. 88 HA (d<m): Itokawa’s rough terrain
1000 ~ 2000 %?Lﬁ = E
2000 ~ 7R
ZPRE2 FoEH A S(TIR)D B Y
25143 ltokawa | 433 Eros The moon 1 Ceres

[ = 600 M =150 =50 [ =10

Coarse regolith | Finer and thicker Mature and Very fine
and boulders regolith fine regolith regolith 77




TIRD {T#k#E T

BRavt 7k

- INREY—FT ST 4 LV EESFH
- EAREARO A —2FER/NEZES(E

- THHhDE] LURERIERESHARBR

- BBE - M=1#/60%) X 2" (m=0~7)

N=2"# (n=0~7#%)

Table. Specifications of TIR (at EOL)

Mass 3280g

Power 22W

Detector NEC 320 bolometer (AR coating)
Wavelength 8-12um

FOV 16° X 12°

IFOV 0.877mrad =0.05°

Detection range 250-400K

Pixel numbers

344 X 260 (effective 320 x 240)

Temp. resolution

<0.5K (@350K), < 0.6K (@250K)

Abs. temp accuracy

< 5K (@350K), < 6K (@250K)

Ge Lens F-value

1.4

MTF (@nyquist freq)

>0.3

A/D Conversion

12 bit

,» |

Steppiﬁg motor




TIRIZKZ AR5 H (HHERT)

<TIOhA> <TIR>




K REFBEICHIREREEREN.

1999JU3 (P=7.6 Hr, Dsun=1AU)
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PRE R Deep impact

159 m/pixel

204 m/pixel
.

270 320

120 m/pixel

Context image

Groussin et al. 2007



Mini-TAOIZ & % /N E D RIRSFHELAI
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Mueller, Miyata et al. (2013)

Mini-TAO (7.9, 8.8, 9.7, 10.3, 11.6, 12.5, 18.5um)

Herschel (70, 100, 160 um)
SMA (1300-1359 um)

100.0 E

10.0E

FD [Jy]

1.0 3

0.1F

PACS

10

100 1000
Wavelength [um]
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Time Since UT 13:04:13 March 25 |hrs 25.0 25.1 25.2 25.3 25.4 25.5 25.6
Frac. day (2004 February ... UT)
Rotationally Resolved 8 35 Micron Spitzer
Space Telescope Observations of the Nucleus of

Comet9P/Tempel 1
Lisse et al. (2005)
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The Third result of thermal lightcurve for cometary nucleus
1) Deep Impact spacecraft, 2) Spitzer-S.T.
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