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The Activated Asteroids (AAs)The Activated Asteroids (AAs)

“Objects in orbits with an unlikely cometary origin that were
observed active or  there is evidence that have been active in
the past.”

Orbits with an unlikely cometary origin: “objects unlikely
scattered from the known cometary reservoirs, the Oort Cloud or the
trans-neptunian belt.”

Activity: “ejection of a significant amount of dust by any
mechanism.”



Most Asteroids TJ>3
Almost all comets TJ<3

JFC in the 2-3 range
Halley Type and LP TJ<2

Asteroids & Icy Objects: Dynamical differencesAsteroids & Icy Objects: Dynamical differences

Asteroids and icy bodies are in different regions

 Comets come from two reservoirs: the trans-
neptunian belt and the Oort Cloud



Activated Asteroids in the Main Belt: Main BeltActivated Asteroids in the Main Belt: Main Belt
Comets? (Hsieh et al. 2006)Comets? (Hsieh et al. 2006)

 Objects with cometary like coma and tails
 in main belt asteroidal orbits with an unlikely cometary origin

(Hsieh & Jewitt 2006)

P/2008 R1 (Garrad)
(Jewitt et al.  2009)

P/2010 A2 (LINEAR)
(Moreno et al.  2010)

(596) Scheila

(Moreno et al.  2011)P/2010 R2 (La Sagra)

(Moreno et al.  2011)



Activated Asteroids in the Main BeltActivated Asteroids in the Main Belt



The Activated Asteroids (The Activated Asteroids (AAsAAs) in the NEO) in the NEO
population (q<1.3 AU)population (q<1.3 AU)

NEOs NEOs with associated meteor showerswith associated meteor showers: e.g. (3200)
Phaethon & 1999 YC (Geminids), 2005 UD (Sextantids), 2003
EH1 (Quadrantids), 2001 YB5 (no name)

Phaethon reported active in 2009 (Jewitt & Ling 2010)

NEOs NEOs with sporadic observed activity: with sporadic observed activity: 107P/1949 W1
(Wilson-Harrington)



Activity of 107P/Wilson-HarringtonActivity of 107P/Wilson-Harrington

 Observed active only  when discovered
in 1949
 Only seen in the blue band plate
(suggesting gas emission Fernandez et
al. 1997)
 Different search for activity failed (e.g.
Ishiguro et al. 2011, Chamberlin et al.
1996)
 Dynamically unlikely have a cometary
origin (4% chance of a JF origin, 65% of
an outer belt origin (Bottke et al. 2002
 Activity mechanism unknown



Jewitt & Li (2010) 

Parent body of the Geminids (Whipple
1983)
Models favor long-lasted (cometary-like)
activity as the ejection mechanism of the
dust (Gustafson 1989, Williams and Wu
1993)
Possible detection of activity in NASA
STEREO-A images (Jewitt & Li 2010),
never detected before.
0% probability of a dynamical cometary
origin (Bottke et al. 2002)

(3200) (3200) Phaethon Phaethon activityactivity

Jewitt & Li (2010) suggest thermal fracture and
decomposition cracking of hydrated minerals as
the dust production mechanism



Activity of 133P/Activity of 133P/ElstElst-Pizarro-Pizarro

Active in 1996, 2002, & 2007
Dust models favor long-lasted (cometary-
like) activity
Seasonally modulated sublimation?

Hsieh et al. (2010) 



Hsieh et al. 2011Activity of 238P/READActivity of 238P/READHsieh et al. 2009

Active in 2005 and 2010
Dust models favor long-lasted (cometary-
like) activity
Seasonally modulated sublimation?



Activity of 176P/READActivity of 176P/READ
Hsieh et al. 2011

Active only in 2005
Dust models favor long-lasted (cometary-
like) activity



Jewitt et al. 2009

Activity of P/2008 R1 (Activity of P/2008 R1 (GarradGarrad))

Active only in 2008
Dust models favor long-
lasted (cometary-like) activity



Activity of P/2010 R2 (La Activity of P/2010 R2 (La SagraSagra))

Active in 2010-2011
Dust models favor long-lasted (cometary-



Moreno et al. 2011

Activity of (596)Activity of (596) Scheila Scheila

Active in 2010
Rapid fading of the coma
Different papers support an impact
cratering event (Moreno et al. 2011,
Hsieh et al. 2011, Bodewits et al. 2011,
Jewitt et al. 2011)



Activity of P/2010 A2 (LINEAR)Activity of P/2010 A2 (LINEAR)

Active in 2010
Asteroid separated from a dust cloud full of “structures”
Different papers support an impact cratering event (Snodgrass et al. 2010, Jewitt
et al. 2010, Hainaut et al. 2011)
But Monte Carlos dust models from Moreno et al. 2010 support a long-lasted
ejection event

Jewitt et al. 2010



Activity of P/2010 A2 (LINEAR)Activity of P/2010 A2 (LINEAR)

Moreno et al. 2010



133P/E-P & 238P/Read observed active on each perihelion pasage
Dust models of the observed activity of 133P, 176P, 238P, P/2008 R1,
P/2010 R2 suggest a dust emission along several months and
compatible with comet-like activity
Dust models of the observed activity of (596) Scheila suggest a
collisional event
The case of P/2010 A2 (LINEAR) is still controversial
(3200) Phaethon dust cloud suggest long lasted cometary activity
107P/Wilson-Harrington observed active only once.

 WATER ICE on several asteroids?
 Collisions, rotational disruption, others?

Activated Asteroids observed activityActivated Asteroids observed activity



Search for gas emissionSearch for gas emission

 too faint and/or too far to detect CN
emission?

Do objects formed closer to the Sun
than “normal” comet accreted similar
amounts of volatiles, eg. HCN?

Several attempts failed to detect gas
emission, in particular CN band at
380nm (Chamberlin et al. 1996,
Licandro et al. 2011, Hsieh et al. 2011,
Bodewitz et al. 2011, Ishiguro et al.
2011 …)



Rotational light-curvesRotational light-curves

Time-series CCD
images obtained Jan.
19-21 2007 with the
2.5m NOT telescope
P=22.5±0.2hr.
Amplitude AV=0.6

118401 (1999 RE70)

Time-series CCD
images obtained July.
12, 2007 with the
2.5m NOT telescope
P=3.47±0.05hr.
Amplitude AR=0.3

Elst-Pizarro

Studying the internal structure



Rotational properties: comets andRotational properties: comets and AAs AAs

AAs

MBCs

COMETS
Rotation Period distribution of active comets is
DIFFERENT than that of Activated Asteroids,
AAs have faster rotators  structurally stronger
than comet nuclei (E-P density > 1.4 g/cm3, comets
~ 0.5 g/cm3)

> 1.4 g/cm3



Albedo Albedo of comets and of comets and ACOsACOs

Fernández et al. (2008)

COMETSCOMETS:
• albedo pV between 0.02-0.06 (Campins et al. 2000)
• cometary-like albedo pV < 0.075 (Fernández et al. 2008) 

ACOsACOs (Fernández et al. 2008) :
• 65±5% cometary-like albedo
• if TJ < 2.8 almost 100% (no
scattered asteroids)

Other primitive asteroidsOther primitive asteroids:
C, P, D, B-type asteroids
present also low albedo



Albedo Albedo of Activated Asteroidsof Activated Asteroids

ALBEDO

133P pR=0.039-0.054 (Hsieh et al. 2009)
176P pR=0.050-0.068 (Hsieh et al. 2009)
Phaethon ~ 0.11 (Tholen et al. 2002)
Wilson-Harrington pV=0.06±0.01 (Campins et al.
1995,  Licandro et al. 2009)

¬Compatible with primitive asteroids



Spectra of Asteroids with associatedSpectra of Asteroids with associated
meteorite showermeteorite shower

Three asteroids with associated
meteor showers, are B-type (3200
Phaeton and 2001 YB5)
Spectra different from comet nuclei

Yang et al 2003
Meng et al. 2004

Jewitt & Hsieh (2006)



32003200 Phaethon Phaethon

Phaethon is NOT a dormant comet,
Its surface is likely composed of
hydrated minerals (Licandro et al.
2007)

Geminid meteorites have larger
densities than comet meteor showers
(3.0 g/cm3 Bellot-Rubio et al. 2002),
consistent with hydrated silicates

Licandro et al. (2007)



Hydrated silicate signature (Emery. 2010)

32003200 Phaethon Phaethon



3200 3200 Phaethon Phaethon & the Pallas family& the Pallas family

Phaethon is probably an scattered Pallas family asteroid (de León et al. 2010)



4015 Wilson-Harrington4015 Wilson-Harrington

 Also a B-type

possible origin in the Themis
family

Licandro et al. In prep.

107P/Wilson-Harrington



Spectra of  Activated AsteroidsSpectra of  Activated Asteroids

NOT telescope, Jan. 19, 2007 WHT and TNG telescopes, Jan. 19, 2007

S’=-2%/1000Å S’=-0.5 - 2%/1000Å

118401 (1999 RE70 LINEAR) 133P/Elst-Pizarro

 Neutral to blue slope,
 absorption below 4500Å (B-, Cb-type)

Licandro et al. 2011



Rousselot et al. 2011

133P/Elst-Pizarro

Spectra of  Activated AsteroidsSpectra of  Activated Asteroids



Similar results by Yang &
Hsieh 2011

Licandro et al.  2011 (596)(596) Scheila Scheila
 D-type
 homogeneous surface
 match with a unusual
CI/CM meteorite
 but no sign of hydration at
3 microns within the SNR

A scatterd TNO? (Levison
et al. 2009)



Spectra of activated asteroidsSpectra of activated asteroids
 All primitive C-, B-, P- or D-type?
 All but P/2010 A2 (LINEAR), likely and S-type as it belongs
to the Flora family (anyone is able to obtain an spectrum of a
23-25 mag. Asteroid?)
Activated Asteroids are very similar bodies, with an unlikely
cometary origin



Haghighipour (2010)

Activated Asteroids & the Activated Asteroids & the Themis Themis familyfamily

 Old and large collisional family
 (24) Themis is the largest remnant of the parent body
 primitive asteroids (C-complex)
 50% of them present hydrated surfaces (Florczac et al 1999)



Spectra ofSpectra of  MBCs   MBCs && Themis  Themis asteroidsasteroids

Obtained with the WHT telescope

 Most B-, Cb-type asteroids
 50% of them present hydrated
surfaces (Florczac et al 1999)

Themis family asteroids

383

379

62

Elst-Pizarro

62

 spectra of 133P & 176P
support that they are Themis
family members

Licandro et al. 2011



Spectra ofSpectra of  MBCs   MBCs & NEO Activated Asteroids& NEO Activated Asteroids

Elst-Pizarro

Phaethon

62

 spectra of MBCs are very
similar to those of NEO AAs
which suggest a common
origin and/or surface
composition
 against a cometary origin
of the MBCs



Spectra ofSpectra of  MBCs   MBCs & comet nuclei& comet nuclei

 Most comets are D-, P-type
 also other comet candidates
like Damocloids and ACOs are
mostly D-, P-type

 spectra of MBCs supports that they
are different than normal comets

Comet nuclei

Elst-Pizarro

162P

162P

Neujmin 1

Color
distribution of
comet nuclei

Lamy & Toth (2009)

MBCs
& AAs

!solar color



Water Ice and organics on (24) Water Ice and organics on (24) Themis Themis & (65) & (65) CybeleCybele

Organics
Ice

Campins et al. (2010) & Emery et al. (2010) detect water ice and organics
on the surface of 24 Themis,
Particles of pyroxene, carbon, Covered by a thin layer of water ice (<
0.01µm)
Licandro et al. (2010) also on 65 Cybele (the largest member of the
Cybeles)

Goethite or water ice feature?
See Beck & Pinilla-Alonso
presentations this meeting



Licandro et al. 2011; Alí Lagoa et al. EPSC/DPS

Dust mantle on Dust mantle on Themis Themis family asteroids?family asteroids?

Mean pV=0.07, eta=1.05



944 Hidalgo and Hecktor (Trojan D-Type)
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2011 CR42, a new AA in the Cybele population?2011 CR42, a new AA in the Cybele population?

HV= 13
D~15km if pV=0.05

FWHM consistently twice
that of field stars



Activated Asteroids in the Main BeltActivated Asteroids in the Main Belt



Activated Asteroids in the Main BeltActivated Asteroids in the Main Belt

2011 CR42



Spectroscopy at mid-infrared wavelengths,Spectroscopy at mid-infrared wavelengths,
the thermal emission: 65 the thermal emission: 65 CybeleCybele

Fine dust in the surface similar to the case of Trojan
asteroids and comets ==> 65 Cybele could be covered by
a “cometary like” dust mantle



Conclusion/sConclusion/s

A lot still has to be done (observations, models) to understand these key
small bodies, their nature and the mechanisms of activation





Comet nuclei: important because we almost know their nature and origin

162P

Neujmin 1

Spectra of comet nucleiSpectra of comet nuclei

• Visible spectra like D-,P-type
asteroids
• Near-ir spectra also featureless
• very few comet nuclei observed

 Almost inactive comets
 is this the spectrum of
a dust mantle?

Campins et al. (2008)



Formation of Formation of cometary cometary dust mantlesdust mantles

Developed an insulating dust mantle that avoid the sublimation of
volatiles below it (become inactive o “dormant” comets)
This is probably also the case of primitive asteroids scattered from
the TNB during the LHB



Spectra of 24 Themis and 65 Cybele divided by the water ice model,
together with spectra of organic materials and organic-rich meteorite Cold
Bokkeveld

24 Themis (Rivkin & emery 2010) 65 Cybele (Campins et al.  2010)

Organics on 24 Organics on 24 Themis Themis and 65 and 65 CybeleCybele



Spectroscopy at 3Spectroscopy at 3µµm: The Trojansm: The Trojans

Emery & Brown (2004).

No absorption features ==>
Trojan surfaces are composed of
anhydrous silicates and some
carbonaceous, may be a few organics.
Unlikely the red spectral slope is due
to organics.
No water ice detected.



Spectroscopy at 3Spectroscopy at 3µµm of a paradigmaticm of a paradigmatic
ACO: (944) HidalgoACO: (944) Hidalgo

Hidalgo is one of the best candidates to be a
dormant comet
IRTF spectrum do not show any spectral structure
(no water, no organics, no hidrated minerals) 
ANHYDROUS SILICATE COMPOSITION? 
DUST MANTLE

Campins et al. (2005,
ACM meeting)



So, are the Main BeltSo, are the Main Belt
Comets, comets?Comets, comets?

May be, itMay be, it’’s up to you s up to you …… but but

Its seems that they are not asIts seems that they are not as
our lovely our lovely ““dirty ice objectsdirty ice objects””
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624 Hektor (Trojan D-type)

368 Haidea (Main Belt D-type)

261 Prymno (Main Belt B-type)

3200 Phaethon (NEA B-type)

Hydrated silicate signature (Emery. 2010)

Primitive asteroids in the mid-Primitive asteroids in the mid-irir



Main Belt: S-type AsteroidsMain Belt: S-type Asteroids



The asteroid-comet transition problemThe asteroid-comet transition problem

PHYSICAL NATUREPHYSICAL NATURE:
• ACOs: Asteroids scattered from the main-belt or  Inactive comets?
• AAs: Do some asteroids keep a small fraction of ices or there is another
activation mechanism?
•Are all the primitive D-type asteroids scattered TNOs?

IMPORTANT TOIMPORTANT TO:
• the problem of water in the early Solar System & formation of Earth oceans
• test for dynamical models
• understand end states of comets (deactivation-disruption)
• determine the population of JF comets
• determine contribution of comets to NEA population

INFORMATION FROMINFORMATION FROM:
• spectral properties
• albedo
• rotational properties
• size distribution
• dynamical studies
• models

What do we actually
know?



ConclusionsConclusions
 Activity on some Activated Asteroids support that some primitive asteroids
retained water ice

 Activated Asteroids have spectra of  primitive asteroids of the C-complex
(most are B-type)  unlikely comets due also to dynamical arguments

 MBCs Elst-Pizarro and LINEAR & Themis family asteroids have very similar
spectra  belongs to the Themis family

 Themis & Cybele, primitive asteroids  in the outer belt, have water ice &
organics in their surface  asteroids in this region (including MBCs)can  also
have ice & organics

The recurrent activity of Elst-Pizarro and the presence of ice on the surface
of Themis favour an activation mechanism based on water ice sublimation

The detection of Ice & organics in asteroids is very relevant for
cosmogonical and astrobiological theories.


