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HD113766A

9P/Tempel 1, 1.51 AU from the Sun HD113766 with S-type asteroidal dust




Recent Comet Debris ' Comet-like Asteroid P/2010 A2 « January 29, 2010 Hubble Space Telescope « WFC3/UVIS

Input to the Zody

New Asteroidal Debris Into the Zody Cloud

Comet 73P/SW3 P/2010 A2
Reach, Lisse et al. 2006 Jewitt et al. 2010

and D. Jewitt (UCLA)

Debris Disks: Ours, Theirs

Yesterday heard from David, Bill, Mikhail & Stan about Zody Cloud
structure & inputs

» We know zody from comets (comae, tails, trails, meteor streams)
* We know zody from asteroids (zody bands, trails, P/2010 A2)
» Kuiper Belt input suspected from Pioneer, NH # densities vs r,
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Disks Happen! And So Do Belts/Toroids, and Kuiper Belts

More than 100 resolved disk systems are now known en et al. 2006

Primordial disks are common (~70% of all PMS stars)

Kuiper Belts are common (> 20% of stellar systems;
Bryden et al. 2006)

Warm Dust detections in exo-disks is rare (~2% of MS
stars; Beichman et al. 2007)

HST, G. Schneider et al.
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The Local Evidence : While mostly cleared out, the Solar System does contain
2 sparse (< 1% of original density) Debris Disks & an Oort Cloud (not shown)

Inner 59stem Quter Sgstem
(green = asteroid belt) (red = Kuiper Belt)

Plot prepared®by the Minor Planet Center (2002 July20). Plot prepared by the Minor Planet Center (2006 Feb.18).
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Composition &

Structure: —— e
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Relevant Dust Size Distributions
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Those Pesky Comets

(aka Cosmic Dust Bunnies,
Vermin of the Sky II, etc.)




Deep Impact
Experiment

Flyby (HRI)

Depressions TRt

Impactor (ITS)

3-part Lightcurve
observed:

Contact flash (19GJ
@ 10.2 km/sec +

5 km/sec Gas Plume +
1m/sec Dust Ejecta.

Note one big
jitter early due

to thruster course
correction. Big

jitters in last 30
seconds are

due to dust hits.

Flyby (MRI)




Dcep lmPact and the STARDUST Comet Samplo

Return have Created a New Era of IR Dust ComPosi’cional
Studies.
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Comet dust on|9

reveals its compositional
signatures on remote IR
observations when
ﬁ'nelg divided, as in

the DeeP | mPact
exPeriment or in the
violent outflow from
hyperactive comets like
C Hale-BoPP 1995 O1
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Recent Bright Comet Spectra, Emissivities

Variability Due to PSD Differences
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2 1/2 Comets in the

1d~]R

Mixes of Si |icates Water, PAHsAmorlﬂ Carbon Metal sulfides

Ejecta Spectrum / Pre-Impact Spectrum
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The Big Picture

Silicates and Silicales, iron compounds,
iron compounds ~ ices and frozen gases,

Marcury-

¢ Earth Mars Jupiter  Saturn

Venu

s Thed
B e AN

2 2 ihe Silicates: Strong
Radial PSN Mixing,
of material from
inside the orbit of
Mercurg to
outside the orbit

N of Neptune (turn-

¥ off when glant

Plane’c cores form)

Cold outer disk
lces and gases condense here, o5
well as silicates end iron compounds



Best Zody Exo-System Analogues

Composition of IZC: Comet Dust + Main Belt Asteroid Dust
(S-type, C-type, etc.) + some KBO Dust

Composition of OZC: Comet Dust + KBO Dust (w/ Ices?)




Selected Exo-System & Comet Emissivity Spectra : Systems studied
to date have similar spectral features due to the

|
or ‘ !
Asteroid 6 P " ~1 Gyr MS F2 KBO Zody
Eta Corv Disk, SST-IRS
Parent? f1o0 | |
= | | | | | | | -1
100.00¢ M L) 1 HO100546 Disk, ISO—SWS |
C i | . 15 f \ [
o | | | 190 235 23| 335
I ; | i : : : :10 My# Be9V Hei‘blg Bwldlng Gas Guahts
g Hole—E&pp Corna, |§0—sm # E;).JJ 4l Lo ! Hmle Bopp\ Coma, I50-5WS | _
~ 10.00},! N | . .t L ‘ (Oort Cloud Comét)
= .3 I I [ I ]
= | . = \ \ [ \
o QW | Ejecta, SST-IRS » 1.0 ] 2 : ‘
< I | w —
& | , Fe-S | ] E : Tqmpel 1 ':J'Je&tgpntsg-{:arﬁ% Comet)
X L | | | |
= _ - l \ | :\f\,\_/_,\\
b 1.00H 2 | \ \ [ \
2 R O ok | HD113766 Disk, SST-IRS |
o | '
[
o
0.10
|
| |
_ HDE9B30 Disk, SSTIRS » 0.7 | : :
o [ [ | [ | I ~6 Gyr KOV Asteroidal Zody+3 Neptunes
001 '\I\I U1 1 ||1'1|'w |1||\|| 11'11 L1 1l | - — | | | I | | |
5 10 15 20 25 30 35 o 10 15 20 25 30 35

25.5. Comets + 5 Dusty Exo-Disks

0

Wavelength (um) Wavelength({um)



Gas Giant & Rocky Planet Building Objects =

Herbigs HD100546 & RN - HD113766 : 10-16 My old.
163296: Comet-like system __; ‘ »0.5M,,,c of Dust @ ~1.9 AL
spectra. Especially rich in 1 from HD113766A, has Mg-
Mg-rich olivine and amor- ’ rich olivine, Fe-rich sulfides,

ice. ~10 My old, >> M__,,, of - ™

pyroxene. Solar abundance,

material at ~13/7 AU at an
inner disk cavity edge (c.f.
Grady et al. 2005).

=> Building Giant Planets
w/ KBO planetisimals?

in the heart of the terrestrial &
planet zone. => Ongoing |
Rocky Planet Formation.

} '"HD100546 Transition Disk .
13AU from ~10Myr Herbig AOeV-

dn/da = a37

Amorph Carbon ] ‘
il Disk
Evaporation
Gas
Depletion?

ISO Spectrum / [B,{250K) + B,{135K)]

Emissivity = SST Spectrum / B,{450.00Q)

. L , ]
= I . ]
& i Olivines T
5 —1oF s
5 10 15 20 25 30 35 NE 10 15 20 25 30 35
Lisse et al. 2007 Wavelength {um) ] Wavelength (um) Lisse et al. 2008



Log Flux Density (Jy)

Asteroidal Dust Belt
Lisse et al. 2007

\Q

3 Neptunes

| ! |

\x_Lovis et al. 2006

Belchman et al 2005

-0.5 0 0.5 1 1. 5 2

Log Wavelength (micron)

Cumulative Area to 100 um

Total Area (km?)
S

2x10% 3x10°
Time (yrs)

Dust Evolution in the Solar System Zody Cloud

4><109

Total Area (km?)

10
3.90x10° 3.95%10° 4.00x10° 4.05x10° 4.10x10°
Time () Grogan et al. 2001

10

ongoing fragmentation of an
disrupted @ 1 AU. (Like Karins/Veritas
MBAs in the solar system 5-8 Mya?)

Emissivity = SST Spectrum / B,{410.000)

0.5

0.0

—0.5

Dense, Mature Debris Disk of HD69830

« KOV, T = 5400 K, 2 - 10 Gyr old, 12 pc distant
« Small, icy, ephemeral dust replenished by

* 3 Neptune Sized Planets @ 0.08, 0.16, 0.63 AU

Spitzer HDE9830 Disk Spectral Model

T T T T I

Pyrox all crystalline

T T T I T T T T [ T T T T [

PAHs absent

Carbon attenuated

T T T T I T T T T I T

dn/da = a3

Olivine Super—rlch

Wovelength (um)

Sulfides absent

30 35
Lisse et al. 2007 .



I 8 Spitzer P1121 Disk Spectral Model
1ofrrrrrLrrrrrrrr et
. L
~80 Myr old NGC 2547 member, 450 pc : i
distant. i .

Hot 750K dust @ 0.23 AU from an 0.8L, G7.

3x10"9 kg, >120 km radius
parent body.

Spitzer ID8 Disk Spectral Model
"I.D 1 T 1 T I T T 1 T I T T I T I I T I I I I I I I I I I

Emiasivity = SST Spectrum / B,{500.00Q)

Lots of Olivine

|

Gorlova et dF 2010'°

Wavelength (um

Spectrum dominated bg emission from silicates, main19 Me-rich

. I olivines (80%) and crgs’ca”ine pyroxenes (20%). Amorphous
‘ I pyroxene is conspicuouslg Iacking‘ The ratio of total olivine to
|
|

pyroxene abundance is very high, ~ 4.1, Talc and hematite
detection unique to these systems. Both results indicatefor high-
T aqueous Processing of the rock Formirlg sPecies,

L ] Iron and SulFur/ Sulfides. Some of the rnajor sources of iron found
- . in the cometary systems, the carbonate siderite (FCCOZ,) and the
05k Fe sulfides (Pgrroh’citeJ ningerite, and Pf:rﬂtlancli’tf:)J are tota”y

lacking in the 1D8 debris disk. The major source of Iron in the dust

Emissivity = SST Spectrum / B,{750.00Q)

Lots of Olivine

is In the highlg oxidized (and most likely aqueously al’cerecb
hematite (FqOﬁ)) consistent w/ the presence of the aqueous
alterationphgﬂosilicate talc.

1 1 3 PR R N T T

5 10 15 20 25 30 35
Gorlova et al. 2010 Wavelength {um)

The best-fit model PSD has dn/da ~ a*°, 1 — 1000 um, fine dust.



30

20

-20

-30

Wyatt et al. 2005\ ‘

~1 Gyr F2 @ 18 pc, Hot Dust at 2-3 AU, M, > M
Excited Kuiper Belt + Cold Dust at ~30K, 0.05 — 0.20 M¢_,

Excess ratio (F,,/F,,.)

SST Spectrum / B {345.00Q)

;
/

/ 350K BB ¢
; HotIRASDust /

Age (Myr)
T

T
+ - Sylvester et al. 1996
# - IRTF 2004

* - IRAS, JCMT excess

. 35K BB
: Cold 870 um Dust
. 1

Emissivity

1 10

'v'v'O‘./E"E'Wgth, um

100

Spitzer EtaCorvus Disk Spectral Model

pluto

IIIIIIIIIIIIIIIIIIIIII_I 1 | I |

“W “HD100546

Very C-rich &
Primitive

1S 20 25
Wavelength {um}



Distingushing Comet,
Asteroid, and KBO Dust




Atomic Abundances

Comets, YSOs, and Earth- Bulldmg Sgstems are Near-Solar in Dominant R@Cractorg
Elements but HD698§O asteroidal silicates & HID172555 lmpact/chonclrule silicas are not.

Abundances : Comets
""""" RARRLRRRR are Near-Solar in
Flements Dominant Refractor Yy
& Hale—Bopp E Iemen’rs as is the
K HDI13766 Earth- Bunl&ing
59 stem.

¥ HDBS230

X HD113766
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Sstcm Silicate Trends

Pyroxenes, abundant in Primordial disks and Primitive cometary material, appear to be
Preicerentia”g des’crogeci as 1SM dust becomes more and more crysta ized in Primor&iai &isks, as
olivine grows in differentiated mantles &uring Plane’c formation, and as WDs further roast the
remnant bodies in their systems.
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Minimum Total Masses (in beam) for 150/ SPitzcran

Object

Earth

Mars

Mercuri

HDI13766 (F3/F5)
Moon

HDI172555 (A5)
HDI10647 (F9)

HDI00546 (Be9V)
Pluto

Asteroid Belt
Enceladus

HDE98%0
GD29-38, G362
Zo&g Cloud
Asteroid

Comet nucleus
Ha|e~BoPP coma
Tempel ] ejecta

Observer
Distance’
(pc/AL)
1.5 AU
0.5-0.7 AU
150.9 pc
0.0026 AU
29 =
18 pc

1095.4 =
40 AU
0.1-5.0 AU
10.5 AU

12.6 pc

1%.6 pc
0.1-4.0 AU
0.1-5.0 AU
0.1-10 AU
3.0 AU

1.51 AU

Mean
Temp?
K ;
282
228
400
4F4HO
282

%5
50

250/1%5
45

Variable
o =155

540
~950
260
Variable
Variable
200
340

F:quiv

Radius?
(km)
6380
3400
2400

500 — 5000
1740

1000 — 2000

(200-2000)

> 910
1180

200

19 um
Flux*

Uy)

Selected Relevant Solar Sgstcm Objccts

APProximate
Mass’
(ke)
6 x10%*
6 x 107
3 x 107
>3 x 107
7 x10%
ore={o%
“1x10%

> x10%
1x10%*
3 x10%
1Ix10%°

3 x 107 ~ 2 x 108
3 x 107

4 x10'

107 - 10%

102 - 10"

2 x 107

1x 108~ 1x 107

(1) - Distance from Observer to Obiject.

(2) - Mean tcmPerature of thermall emitting surface.

®) - Equivalent radius of solid bo y of 2.5 gcm'?

) - Sys’cem or disk averaged flux.

(5) - Lower limits are conservative, assuming maximum Particle size of 1000 um, and ignoring oPtical thickness effects.
For HDI172555, we have included the mass of SiO £as in the estimate. UPPer limits assume a maximum Particle
size of 10m radius.




ZEBRA Design Details




How & What Do We Extract From Mid-IR Spectral Modeling?

1 Y L dn.(r,
FA,mod = EE fBA (]-; (aJ/:k))Qabs,i (a,A)TEaH % da
i 0 1

a

Effect of Temperature on Compositional Model

+Obtained from shor’c/long wavelcngth amP!itude, feature
*No mocleling requirecl fit to flux vs balanced emissivitg 10/20um

et 1A, gielcls of dust in exo-systems from observed T’s

T =T. . (L/L_ )"*(1.51AU/r)"

dust Tlejecta solar

opiteefll I einipel 1 Cjeflill Specuar v
T T T T

+Obtained from strong features at multiple wavelengths

* Allows search for comParable species in other sgs’cems
* Allows determination of
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* Allows determination of ratio

* Allows determination of ’ Wavebongth (s

355

cta Emissivity Model

+Obtained from feature/continuum ratio; dn/da AeremtF
*DI : Unusual narrowlg Peaked distribution 0.2 - 5 um
+With distance & abs. flux gields

*Can determine small boclg VS Pro’co~[:>lanet source

Spitzer T1 Eje

20 25
Wavelength (um)




Spectrol Rodlonce of C/OLR _4Spectrol Rodlonce of C/Austm
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How I Would Design ZEBRA

ZEBRA to view EBL signal from 5 AU, the better to understand &
remove Zody = Scatt light (0.1 — 7 um) + Therm Emission (7-10um)

ZEBRA experiment analogous to flying through a Comet Coma with
supporting External Earth-based observations

Absolute Photometer + Spectrometer — CCD + HgCdTe/Hawaii2R
VISIR (0.4 — 7.0) [easy] & MIRI (7.0 — 25 um) [hard]
Maximum Sensitivity for Passive Cooling

Spectrometer at R=100-200 Good Enough to Find Multiple Spectral
Features & Determine Average Composition

But Thermal Emission Features Weak Due to Large, Opticall Thick Dust

Zody Science Goals: Determine Olivine/Pyroxine/Ice Ratio; Total Dust
Column; Dust Temperature => Allow Better Removal of Foreground







