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nature

[ Nature 2005%115 |
NEWS

Astronomers reject the term ‘planet’

An expert panel charged with ending the
debate over what is and isn't a planet has
come up with a radical solution: end use of
the term altogether, unless it is accompanied
by a qualifier.

Debates on nomenclature are common in
science, but the planet question is one of the
few to have spilled into the public arena.
Researchers have argued over the status of Pluto
for decades, for example, with some claiming
that it is not a fully fledged planet. Similar rows
have raged in recent years over how to describe

KBERINKED ?é’lﬁﬁlﬁ'fﬁ/ﬂ'l
ErisD4 (X CRITEZE IS

Sy stem to free-roaming objects in deep space,
is too diverse to justify a single moniker.
Instead, the researchers want to define differ-
ent types of ‘planetary object, such as terres-
trial planets, including Earth, and extrasolar
planets which orbit stars other than the Sun.

“If we're going to use the word planet we
NATURE ~2003;
rs8e er an

e of Technology in on 12 September, would end such arguments. E
ently been courting UB313 and Pluto would be known as Trans-
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F. Bertoldi, W. Altenhoff, A. Weiss, K. Menten, C. Thum

"The trans-neptunian object UB313 is larger than Pluto”

Jm, Pico Veleta, Spain
Institut de Radio Astronomie Millimé rique
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Vesta, Keck AO first light
resolution ~ 50 mas
integration times:

I=3x2sec, H=3x2sec, K'=12x2sec
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Images deconvolved with maximum
likelihoad algorithm

(Obtained on Keck II Telescope with
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Surfnce Tempemture of minor bodies

STM (Standard Thermal Model) s
FRM (Fast Rotator Model)
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Bertoldi et al. 2005, Nature

Table 2 | Properties of 2003 UB3,3, Pluto, Charon and Ceres

Case g=A/p d (km) p T (K)

2003 UBa13, fast rotation 1 3,13675 | 0.54737T, 232

2003 UBa;3, fast rotation 0.9 3,094728 | 10.55%30s 23.7

2003 UB3;3, slow rotation 0.9 2,8591< 0:65100 26.9
Pluto 0.9 2,328 * 48 10.62 = 0.02] ~36
Charon 0.9 1,242 = 42 0.37 = 0.07 40
Ceres 0.4 913 = 43 0.10 = 0.01 164

Derived diameter, d, red geometric albedo, p, and brightness temperature, T, for different
assumptions on rotation and phase integral, g. At mm wavelengths, fast rotation applies for
objects seen equator-on and rotating with a period smaller than 40 h, whereas slow rotation
applies for those seen pole-on, independent of the rotation period. Data for Pluto®”'?,
Charon®”'"? and Ceres™ are shown for comparison. Note that for Pluto the red albedo varies
between ~0.49 and ~0.75 within each rotation period; for p and T, we quote mean values.
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Triton (D~2700km): the biggest TNO?

M. Bur'gdor'f'(Liver'pooI JMU), D. Cruikshank (NASA A
R: Nakamura (AIST) , T. Sekiguchi, 6. Orton (JPL)

retrograde orbit: captured satellite
originally from Kuiper Belt
Surface: covered with Interior material
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(Neptune’s moon)
Activities
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Pluto = Eris ?? HSTIZ &3 EEIRE

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

Eris
Pluto

Eris

/ Orbit of
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* Nix N
43,000m| I
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Dwarf Planet Eris and Satellite Dysnomia + August 30, 2006
Hubble Space Telescope + ACS/HRC

NASA, ESA, and M. Brown (California Institute of Technology) STScl-PRCO7-24

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



Size determination of Eris with HST

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

_‘_ TMT:
0.015"@K
I

ALMA~0.01"

(RER - BER)

Pixel Size of HST: 0.027 arcsec.
= 1875km

Image Size of Eris: 0.034 arcsec.
= 2400km

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




ABRREDT ILAF




REVMEDTILAR

Fresh Snow & Ice
Thick Clouds

Old Snow & Ice
Thin Clouds

Sand Dune




Size determination of Eris with HST

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

-

Pixel Size of HST: 0.027 arcsec.
= 1875km

Image Size of Eris: 0.034 arcsec.
= 2400km

Deconvolution technique
NASA, ESA, and M. Brown (Caltech) STScl-PRC06-16b
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01 2001/Mar/14 05:50 | N11.9 |1.059232 0.073897 Sekiguchi et al. (2003)
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Kaasalainen et al. 2003, Shape model through lightcurve inversion
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Imaging by Hayabusa Spacedraft

Hayabusa:540x270x210m

TAXA / TSAS our study :520x270x230m
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Thermal Infrared Observations of Minor Bodies
in the Outer Solar System.
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7 —’7|:|’f‘ a' i q*

Name (AU) e” (AU) T
20461 Dioretsa (1999 LDy) ....... 23.777 0.900 2.390 ~1.542
2000 HE g oooveveeeeeeeeeeeeeeeeeeeeeeeeenn. 23.985 0.902 2.355 ~1.508
1999 E IR oy iiviiissisisisisisisisisisivivivinn 8.163 0.472 4.310 ~1.310
C/LINEAR (2002 CEg)" v 9.816 0.791 2.047 ~0.853
(65407) 2002 RPop:.viviisisisisivins 55.940 0.956 2473 —0.845
2000 DGg e 10.786 0.793 2.231 0.631
C/LONEOS (2001 OGygg)" ooovne.. 13.30 0.925 0.994 0.597
2000 AB229.cuvveeceeeeeeeeeereeerenennns 52.497 0.956 2.292 0.773
DO M v T, 26.740 0.942 1.543 0.975
C/LINEAR (2002 VQou) ........... 218.161 0.969 6.800 1.095
5335 Damocles (1991 DA) ......... 11.834 0.867 1.573 1.143
e 67.426 0.689 20.983 1.173
DR N i VTS 15.221 0.907 1.419 1.404
B B R S S R R B R 18.079 0.948 0.948 1.411
P xS 88.323 0.963 3.274 1.613
S i 287.127 0.991 . 2.547 1.732
Y WG covvinviviviviivisiiiii 5.160 0.644 55.41 1.838 1.873
0 N ok e 14.566 0.849 26.94 2.200 1.933
(15504) 1999 RGaz.vorrsrsrsnsnsnsss 9.634 0.775 35.13 2.164 1.946

P10 S B s s 7.709 0.467 52.23 4.107 1.993
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%ﬁf' 7«-&/]\ =5 B 7\“/ 7 Jewitt (AJ, 2005)

IL;\ —
5! ; D ,r ~ a' i q*
Name (AU) e’ (deg)® (AU) T
20461 Dioretsa (1999 LDy) ....... 23.777 0.900 160.4 2.390 ~1.542
2000 HE g oooveveeeeeeeeeeeeeeeeeeeeeeeeenn. 23.985 0.902 158.38 2.355 -1.508
1999 E IR oy iiviiissisisisisisisisisisivivivinn 8.163 0.472 151.88 4.310 ~1.310
C/LINEAR (2002 CEg)" v 9.816 0.791 145.46 2.047 -0.853
(65407) 2002 RPop:.viviisisisisivins 55.940 0.956 119.11 2473 —0.845
2000 DGg e 10.786 0.793 129.43 2.231 0.631
C/LONEOS (2001 OGygg)" ooovne.. 13.30 0.925 80.26 0.994 0.597
2000 AB229uevvieerereeeeereeererererenenne 52.497 0.956 68.72 2.292 0.773
DO M v T, 26.740 0.942 59.04 1.543 0.975
C/LINEAR (2002 VQou) ........... 218.161 0.969 70.50 6.800 1.095
5335 Damocles (1991 DA) ......... 11.834 0.867 62.10 1.573 1.143
e 67.426 0.689 77.88 20.983 1.173
DR N i VTS 15.221 0.907 42.56 1.419 1.404
B B R S S R R B R 18.079 0.948 19.47 0.948 1.411
P xS 88.323 0.963 45.62 3.274 1.613
S i 287.127 0.991 29.76 2.547 1.732
20N Wi g6 vivivsvsnsrsasasasasaasatasatoss 5.160 0.644 55.41 1.838 1.873
0 N ok e 14.566 0.849 26.94 2.200 1.933
(15504) 1999 RGaz.vorrsrsrsnsnsnsss 9.634 0.775 35.13 2.164 1.946
TIN5 7.709 0.467 52.23 4.107 1.993
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Average of 22 unfiltered exposures, 120 seconds each —l
Newton, D= 045m, f4.3 + FLI IMG1001E

L. Donato and V. Gonano (AFAM-Remanzacco Obs) [E¥E
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- Observation time: 200407102

( Heliocentric distance: 1.035 [AU]

- Geocentric distance : 0.026 [AV]

- Apparent ¥ Magnitude: 19.4 [mag.]
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(Cruikshank et al. 2008)
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Dust Ring

Infrared View of Saturn’s Largest Ring Spitzer Space Ti
NASA / JPL-Caltech / A. Verbiscer (Univ. of Virginia)
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2002 UX25, 2004 6V6, 2005 RM43, 2005 RR43

YV V VY

20074F : IRC GE - PRIFRNIEHAS BiRIERE)
> OB IAEKE (BXIK) Chiron, Asbolus, Thereus, Amycus,
2003 CO1

> 2006 HR30 (V1) X LG3t)



b LITFERDHHYRE,

B Comet for Windows - [EEH571]
P AZa-() EREE) FRTN FEMNS-ZD 9OMIW ALH)

P/2006 HR30 ( Siding Spring )

1 1 1 L 1 1 1 1
200% 200% 2008 2008 2008 2007 2007 2007 2008 2008
5/1 8/1 1/1 5/1 9/1 1/1 5/1 8/1 1/1 5/1




o
(o3

o
o

o
e
0]
=
<
Q
=
3
S
o
0]
O

Wavelength (um)



£:5R1K 4 2006 HR30
RINRE~ATHEERE
ANV DINER E
e MiBKIEFE/NRE(FARO, TE—IL. TTV)
Bk EN BT <E N EE
e FOVER/NKE
REFEZNDER
e ZF/NKRIKR(TNOS)
BEIELUROELE
« TUAYILAKIR
N EEEAZEEmMAESTOE
- BEEHE/NXRE (XEVOM4K)

HEERANKSK T —ILNEZEED I3 E
BEEFORENKE




« HHYDEAIRK:

P/2006 HR30
HMYIRCETFRNMRS I (2.5—5um)

£ (2.5—5um)(EHER KT D

B TIFGEW o1, H E&REIXFRELGEL
-)u*rLcCC_O),Fx’ R TIE 57 &R RG] [ 7E 0

> K[E

HMY)

> Hy——TEAIESNT=C

NOBRADH GRERERES

/—~

BRZ1TD

A

),

" ENDKEFEEDLEE




REM#MEOERELLRMNAIGELE o1

R EEBAELTIIM T Z RV HEFHER

LELH

Itokawa: El—DEE(ESO3.6m+TIMMIR)[ZL->T. HoEHE
RRICHh_E TORERA B EZEINNERE

AMRDEED

WD THh EDOEBFADBHBICTPMZBRAL TRERT—5&
ERLEN BT EMATREL Ao

ZRR(SH44ER). ZAUEA(KBE TR, L% - TXODOA
IREERS) TOEAT—FDMBICL>T/NEREDKEX, 5
7o9O R, REBWFEOEIBE TOHENTEE

Iy H R TFRTHETINELTORIIEEIRET




Thermo-Physical Model (TPM)
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Kuiper Belt Object 2002 AW137

NASA / JPL-Cakach / J, Sansborry (Une, of Anzons)

E:
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Spitzer Space Telescope * MIPS

s3c200421n

Image Credit: J. Stansberry (Univ. of Arizona)
Wavelength: 24 (blue image), 70 (red image) microns

Exposure Date: 2004 April 13
Image Scale: 2.5 x 2.5 arcmin
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Trans-Neptunian Objects

1000 km

1996 2000 1995 1999 1998 1999
(20000) TOs6 EB173 SMss TC3g WH24 DEg

Varuna

University of Hawaii, Institute for Astronomy

Object class | Diameter | Albedo | wavelength [  Telescope References

km| | (pv) [%] | [microns]
Chiron Centaur 18{) 14 13 10/20 pm IRTF ( 'ampins et al. (1994)

o i Laaa Ha-Aa ettt B mipft (1995)

Pholus Cent: x 1993)
Chariklo || Cent: ﬁg! w ﬂ{ ﬁm 5 (1998)
1993 SC ING O O JIITT roiy rromms-erwe( 2000)
1996 TLgs || TNO 316 .i.() 90 pm SO Thomas et al. (2000)
Varuna INO 900 i 850 pm JCMT Jewitt & Aussel (2001)
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=» Basic Parameters for Formation
Theory of Planetary Systems

However, TNOs
unresolved

Typical apparent size = 0”.02
TNO: 19308 (1996 TO66)
Sekiguchi et al. A&A, 2002

Shape

Mass (=density)
Composition
Temperature

Size (& albedo)

= Optical

= "binary"
= near-IR
= Thermal

= Thermal
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Size & Albedo of EKBOs

Centaurs/TNOs:
#%-10%1%

eptunian Objects
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Jewitt's Webpage

University of Hawaii, Institute for Astronomy

Chiron Centaur 180 141 | 10/20 pm IRTF Campins et al. (1994)
168 1353 | 1200 pm [RAM Altenhoff & Stumpff (1995)
Pholus ((nmlu 18‘) 1 1 Ll i ’() jum lR'I'l*/l'l\'lR'I Dd\ ies ef al (1‘)‘”]
(vh 1 LD JUN N 7N ( 98)
1993 Measuremen‘r of P/ Halley by Guo’r’ro 0
1996 0
. 4% albedo )




Largest known Kuiper Belt objects
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2005 FY9

“Xena” Pluto
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