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Dust Zones Revealed by Great Observatori

edgeon view of nearby
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Terrestrial PlaneFormation

A Simulations show schematlcally how |t mmnlu:t:ur (see Raymand+2014 PPVI
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A Many other simulations are available. A general consensus from these
simulations suggests that on averagEO)-15 giantimpactsare required
for the formation of an Eartiike planet (Stewart & einhardt2012).
A Impacts of smaller scale are expected to be abundant; but observationally,
S R2Yy Qi KI @S Ylyeée O2yaiuN}Aylao
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Violent History in our Solar System

A Giant Impacts in Terrestrial Zone

A StrippedMecuryQi@antle (Benz et al. 1988)

A Caused the hemispheric crustal thickness
asymmetry ofViars (Marinovaet al. 2008)

A Moon Formation

A giant impact formed the Moo
when the solar system was abo
~50 Myr old involvingProt-Earth
and a Marsize objec{Hartman & =
Davis 1975, Cameron & Ward 19T&nupd n 1 n X -8 40 0

Proto-Earth + Marssize object 5 hours after impact

1 hour after impact

Y Can We find systems resembling this kind of process in
debris disks? What kind of signatures should we look for?
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Debris Disk Variability

HD 6983Q; traditional debris disks?
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Extreme Debris Disks

Disk variabilityon monthlyto yearly
timescale I[D8and othersMenget al. 2015)

Brightand hot excessesisually starting at %
mm with f, 10%and T, 400K

All around starérom ~10 Myr to ~200 Myr
(era of terrestrial planet formatioyqwith one
exception BD+20 307

Implication

The presencef large amounts of small
grains are related to stochastic, large impax
of big asteroids~«500 km); the short
timescale disk variability is consistent with
the aftermath of such large impactQ).
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Flux Density (mJy)

30

SED of NGC 2541D8

O CTIO 0.9-m (26, 27)
O 2MASS
A Spitzer/IRAC (Dec 4, 2003)
—Spitzer/IRAC (May 2012 - Aug 2013)
X Spitzer/MIPS (Jan 2004, May & Dec 2006)
O WISE (May & Nov 2010)
—Spitzer/IRS (Jun 16, 2007)
Stellar photosphere (5500 K)

\ Spitzer warm mission4y
\ monitoring at3.6/4.5
mm with weeklyto

dailycadences since

2012
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Star

A G6V a member oB5 Myr
old NGC 2547

A No companion of similar

mass

Optical monitoring detects

aweak(0.01 mag)

modulation of5.1 daydue

to stellar (spots) rotation,

l.e.,the star is viewed

closer to edgeon.

A

Dust

A mid-IR spectrum dominates
by sub-mm amorphous and
crystalline silicateswith
f,~2x10°andM~2x10* g,
located atr ~ 0.350.52 AU
(Olofssoret al. 2012)
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Spitzer 3.6 and 4.Bm Monitoring for ID8
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A Relatively flat in 2012

: A Brightening event during

the visibility gap

1 A Exponential flux decay:
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falling behaviomwith ~26
days and~33 days
between peaks.

L (dashlinesin the upperpanel)
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1x Two Major Challenges

%{2%33# :

E [| (2)~33 day period corresponc

200
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(1) ~1yrtime scale is too
slow to be due to radiation
blowout (a few months)

to 0.2 AU, which is twice
closer than the dust
location inferred from SED
modeling.




Our Best Scenario

Y Impact between two large
(at least Vestaize) asteroids

Brightening: new dustproduced by
fragments and vapor condensates
Decline: collisionaldestructionof

. Randy

decay time scale ofl yr
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QuastPeriodicity: orbital evolutionof o o o000000 ot
an impactproduced cloud o

(A) anopticallythick Keplerianshearingcloudon a PN,

highly inclinedeccentricorbit (Menget al. 2014).

Two observed periods afest andsecondovertones

of agenuineperiod of ~75 day<0.35 AU) T :

(B) anoptical thickneseffect of on ahighly inclined
circularorbit (Jackson et al. in prep) betweére
collision point/anticollisionline and inclination,

P.. = 2R + 2R ~115 dayg0.46 AU)
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Excess Flux (mJy)

How Many This kind of Systems We can Find?

A Baloget al. 012 found~1%of solartype stars younger than150Myr
possessarge 24nm excessebased~300stars observed by Spitzer.

A Kennedy & Wyatt4013 found~1%of stars younger thar120Myr possess

bright 12 nm excessebasedon WISE catalog.

A One caveat; largscale impacts arstochasticand we know very little about
the frequencyand duratlonfor such a hlgh state.
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A Our ongoing twoyear Spitzermonitoring program will provide some

800

constraints orshort-term (~monthly) disk variabilityfor a dozen of systems.

A WISE+SPHERKH providesome longterm (~yearly) constraintsfor many
more such systems.
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Planetary Systems in Maln Sequence Stars

A Exoplanets TRt R
Detection methods:
radial velocity
transit
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timing

Separation [Astronomical Units (AU)]

A Debris Diskg minor bodiegasteroids, KBOs, comgts
Detection method: dust revealed hyfrared excesseand
resolved structures

IRAS: 15% around nearby stars
Spitzer~10-30% of mairsequence stars |
depending ages, spectral type and locati
(asteroidlike or KBQike)
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Post MainSequence Stelld&volution

HRD of(M=1.0 --> 0.53 Mg; M=3.0 --> 0.61 M,
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Future of Our Soldsystem

Many theories about the future

of our solar systensackmanret
3 al. 1993 Duncan & Lissauéd©98;

Debes& Sigurdssor2002;Villaver&
Livio2009,Veraset al.2011, etc.
oS ~-.._Theories in general for

most inner planets gone - <. exoplanet systemseview

S

by Veras2016
. J
relic planetarysystem with o

minor bodies loosely bound J M
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