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Triton Spectrum with AKARI/IRC

Burgdorf, Cruikshank, Dalle Ore, Sekiguchi,
Nakamura, Orton, Quirico & Schmitt (APJL 2010)

A Tentative Identification of
HCN Ice on Triton
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30 arcsec

132.000 Km

Comet 29P/Schwassmann-Wachmann
Remotely through the "Liverpool” R¢
2.0-m, 1710 Ritchey-Chretien reflectc
N. Howes, E. Guido and G. Sostero
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Comet-like Asteroid P/2010 A2 « January 29, 2010

Hubble Space Telescope + WFC3/UVIS

P/2010 A2 S —
| g=2.0au
‘.'.‘:“‘:’: Q = 2 6 au
jz
NASA, ESA, and D, Jewitt (UCLA) STScPRC10-07
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Name (AU) e” Tf
20461 Dioretsa (1999 LDy) ....... 23.777 0.900 1.542
2000 HE.g ooueeeeeeeeeeeeeeeseeeeeeeseneens 23.985 0.902 1.508
PO BBy scivissisisisisivivivisisisisioinn 8.163 0.472 1.310
C/LINEAR (2002 CE{g)"eeeevnn... 9.816 0.791 0.853
(65407) 2002 RPop:.cvivivisisisivivins 55.940 0.956 0.845
2000 DGg cvoeeeeeeeeeees e eeneean 10.786 0.793 0.631
C/LONEOS (2001 OGigg)" o........ 13.30 0.925 0.597
2000 AB229..cucuieieieerereeesssesienennns 52.497 0.956 0.773
2,05 8 7 | o O 26.740 0.942 0.975
C/LINEAR (2002 VQgs)" ........... 218.161 0.969 1.095
5335 Damocles (1991 DA) ......... 11.834 0.867 1.143
£ B R S B 67.426 0.689 1.173
e 5 5 15.221 0.907 1.404
1999 W Sgavi oo 18.079 0.948 1.411
DR cas oottt 88.323 0.963 1.613
19968 P e 287.127 0.991 : : 1.732
0 WG st 5.160 0.644 55.41 1.838 1.873
R R R 14.566 0.849 26.94 2.200 1.933
(15504):1999 RlFaa.vrvsvsvsvivivsnsiss 9.634 0.775 35.13 2.164 1.946
£ b ) 7.709 0.467 52.23 4.107 1.993

Nore. —As of 7004 Julv 1. Objects are ordered by Tisserand parameter,
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!F#EIJ\;&E 2002 CE10

a=9.82au
q = 2.04 au
e=0.79
i=145°

Subaru Suprime-cam: Takato et al.



BRI/ E 2002 CE10

(Aug. 22, 2003, r=2.1AU)
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Subaru Suprime-cam: Takato et al.



P{TTNO = Scattered TNO?
Inner Oor't CIoud"

2008 KV42

Semi-major axis: a=45.5 AU
Aphelion: Q=70.6 AU
Perihelion: q=20.3 AU
Eccentricity: e=0.553
Inclination: i=103.503°

uiper belt objecﬁ.

Credit:
UBC/Gemini
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Dirty Snowball !

Fred Whipple (1906 - 2004)
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1P/ Halley - Giottofth (1986)
19P/Borrelly- Deep Space 1 (2001)
81P/Wild 2 - Stardust (2004)
9P/Tempel 1 - Deep Impact (2005)
103P/Hartley 2 - EPOXT (2010)

67P/Churyumov-Gerasimenko - ROSETTA (2015)

ih £ #58I

1P/Halley (1986)

C/1996B2 Hyakutake (1996)
C/199501 Hale-Bopp (1997)
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ROSETTA & 67P
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2 COMET 67P/CHURYUMOV-GERASIMENKO'S VITAL STATISTICS Eesa

L B .
_21.4 km? Rotation period
Volume o+ 3 12."’0"3 hours
1.0 x 10® kg M. ’
Mass 4 | Spin axis:
470 kg/m? B S 1.9 - 69.3°
Density b Right Ascension
70-80% * AR ' 64.1°
Porosity ) u\ 33 km : Declination
. 4 7- 05b|2° fth
BEHAOKHE con:g‘tj'a:tagioenal axis

. o L
_ Dust/qgas ratio Y Equatorial axes
ek Spin axis
3 D/H ratio sm R

o— Average water vapour production

300 ml/s - June 2014 -93°C to -43°C
-600 ml/s > July 2014 SO .
1200 ml/s > August 2014 =243 Cto-113C
6%

e MIRO; D/H: ROSINA;
images: NavGam
European Space Agency



Energetic

Titan tholin? f}““//

Triton tholin? " and Methane
UITI"C( Red MGTTZP?? Dissociationl ‘ lonisation
CH, CH, CHs" HCNH*

C,Hg HCN CHs* CuNs*
Benzene (CgHg)
Other Complex Organics (100~350 Da)

v

Negative Organic lons (20~8000 Da)

v

- g
https://briankoberlein.com/2015/09/21/what-are-tholins/

Cosmic Rays
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Amorphous ice, dust
and other volatiles

(b)
c) .

z | € 02m ‘:I_'-';?—_—w Cohesive crust

n| o ' I <

9 E Volatile depletion

-l @ P 2 0N I STk RO U Y ey

2 1-2m| Chemical alteration

2 4bmp—r T e

§ Amorphous ice, dust

T ' 20-60 and other volatiles

-60 m

R o | @ oo
77T oo Origin® -7 bo T o -~ Origin® -

va i __% Crystalline front Ny

T g_ |

Volatile recondensation Crystalline ice

MCCCh & Svoren (2004) Amorphous ice and dust Amorphous ice and dust
from COMETS II
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The pits were identified in OSIRIS images taken August-October 2014.
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Ceresl3/NERE (A XKAK)H?
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Ceresl3/NERE (A XKAK)H?
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Ceres|3/NERE(BHRXE)H?

BIADH20MNFELTULNEDS BRIAXETHHIOH

Ceres’ layers

Thin, dusty
guter crust

Water-ice layer

3 Rocky
= Inner core
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BEFE(LX comet H?
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Triton (D~2700km): the biggest TNO?
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retrograe orbit: captured satellite
originally from Kuiper Belt
Surface: covered with Interior material




Jﬁﬂ: ﬁif:f 7t Pluto & Triton: VLT

Figure 1: Pluto’s spectrum in the range
of wavelengths 1-5 pm. The species
responsible for the absorption bands
detected in our spectrum are marked
n the figure. No object flux is meas-
ured in the atmospheric absorption
bands at 2.5-2.8 and 4.1-4.4 pm.
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Triton's near-IR
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Wavelength (microns)

range of wavelengths 1-5 pm. The
species responsible for the absorption
bands detected in our spectrum are
marked in the figure. No object flux is
measured in the atmospheric absorp-
tion bands at 2.6-2.8 and 4.1-4.4 pm.
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Tr'l'l'on spectrum wwﬂ'hl AI(ARI/IRC

- Current model for AKART spectrum:

CH4 and €O2, €O, N2
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- PAH band (lab data)
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~ Pluto ~ TNOsOH THHZRBDHLD

Nix .
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JHK Spectrocopy: Pluto
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S~lype
C—-type
D=type
Plutinos
Clossicol KBO
Centours
Comets
P/2006 HR30

-1 0.6

-1 0.4

bow] y=A

- 0.2

-1 0.0

Hicks & Bauer. 2007
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(70, 100, 160, 250, 350, 500 um EF/NER)

1996 TC36 2001 KD77 2002 VE95 2002 VU130 2003 AZ84 2003 VS2 2004 PF115 2006 HJ123
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1996 TP66 2000 GN171 2001 QF298 2002 VR128 2002 XV93 2002 XV93 2004 EW95 2004 UX10

Mommert et al. 2012

Huya

2007 UK 12
2001 FP185 2002 XU93 2007 RW10 Thyphon 2003 FY128 2005 TB190
‘ . -~ » ' . » . ' . Santos-Sanz et al. 2012
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' ‘ . ‘ Pal et al. 2012
0.05 Miiller et al . 2010
- - . Lellouch et al. 2010
1000 km Lim etal. 2010
Sedna 2003 AZ84 1997 CS29 Thyphon 2005 15190 Makemake 0.04

Mommert et al . 2012
Santos-Sanz et al. 2012
Vilenius et al. 2012

Pal et al. 2012

Mueller et al. 2010
Lellouch et al. 2010

Lim et al. 2010
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Herschel Space Cr-esa %

Observatory:
ITEIF 2009458 14H

BT 2013548298
BREAFE 3.5m
S5455 0312808
#:8;% F60-670 um

Explormg the

RADFEHELEE
[HHY ] & Herschel
0.67/m 3.5m

XN ~3015

-'HERStHEL- '

HERSCHEL 525 1rory
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BETEDHAXRFELY Before & After New Horizons

HST imaging
Stellar Occultations

Speckle interferometry = 1350~1730 km (1987)
Charon Mutual Event 1178+23 km (1994)

‘New Horizons =1185 km \

1160+12 km (1994)
1180+5 km (1993)

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
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INERE (BB ERE)

HRFTS (IRAS:16km)

445 (IRAS: 33km)

IFILE (IRAS: 61km
IOR (UKIRT: 24km)

i<, KB ROBR E $nli%}§ me\

Y 7°)bSTM traditional Standard Theﬁmal Model
o

B

50 km

Mathilde
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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.]:
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1 10 100

wavelength [pym]

predicted flux density [Jy]
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TPM: ThermoPhysical Model of 951 Gaspra

Mueller & Laggeros, 2002

IRIF—=/NT2 A (KBKAF=RE RF+BHEH)
ERA T DR MAIFRNIIERIfR, EERE, AIBF

,J\Eggo)ﬁ/'lkfj_)l/
EliGEH, EIEIENINVEBEREAL
iﬁ@ﬂﬁéﬁﬁ(lﬁtxﬂﬁé BN, ZXRIT9M)




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
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Imaging by Hayabusa Spacedraft

Hayabusa:540x270x210m

TAXA / ISAS our study :520x270x230m
(+/-50) (+/-30) (+/-20)
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Tempel EEDEERORIRMIE | Deep Impactires:
— 0 ~ 10 [ Jm2s05K1]
Groussin et al. 2007
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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
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FRIMREE: HHY (ASTRO-F) & REYY7— (SST)

IRAS (Infrared Astronomy Satellite) &1 £

1983F (27 AN, AFVR A FUFICE->TH S EITF
HRPOFRIMERXEE (OFES7cm),
FNRERR-BEORR - MEREOHAXLETILAFR
DA ZVERK

BX(J—~1)8 (— RIRIRAS) ANBB(RLT717)
HMY (ASTRO-F) (ISAS/JAXA) Spitzer S. Tel. (NASA)
T E(T:200652H22H MV-8 3TH E(F:20034 8H25H

%% 68cm A%%85cm
i —thfE R4t :1.8~26pm L — RS : 3.8~24um
EIRSE :70um, 160pm



