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Introduction:
W C1'|'
Howitis,si
Wihat' cc ellusrabout’ massive planets?
SR cr" 0wz do Wit Sofi4e

- and what we cannot do: SEDs are degenerated
We (/’G SAFLQ'

= ¢ We need high resolution imaging:

-__'-f---- To interpret debris disk structure.
~ ® We need high sensitivity observations:
- Tounderstand how debris disk are created
(stochastic collisional events? or slow and
constant grinding down of planetesimals?)
- To study timescales and frequency of

terrestrial planet formation.
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g el ety
are surrounded by debris disks:

atiy; >157%)MS stars
oJrf frar- FD emiIngrausiH =10~ tnat
fEprocesse es|star light and emits at longer .'s.

DERIS disks are indirect evidence of planetary
o igld ".Gn:
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- ED sﬂ'—.léemoval Time Scales: J << [Age of S‘rar]

__ _-oyn‘rmg -Robertson drag ~ 10° yrs l > 107 yrs

2®: Dust is not primordial but must be “continuously” (?)
replenished by a reservoir of undetected
planetesimals (of unknown mass) producing dust by
mutual collisions
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__.'_:TE massive planets Shepher'ds the dust
“grains in the disks.

3 Meellal arlel a=liriael Srdtieriez,

" Massive planets may scatter and eject
dust particles out of a planetary system

2 Ce(o)s



J 160 AU
(1.5)
E

H141569 1.1um (scattered

light) NICMOS
(Weinberger et al. 99)
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HR4796A 1.6 um (scattered light) Vega 1.3mm (emitted light)
NICMOS (Schneider et al. 99) PdB (Wilner et al. 2002)



r)J and as mme’rrugs-obser'ved infhigh=resolution

) 3/()\/(]‘]9(11 SUGGEes Irgianirplanes may berpresent:

D«)r’b disk structure is sensitive to a wide range of
Semimaljor axis (complementary fo radial velocity
and ransit surveys):.

We can learn about the diversity
of planetary systems from the

study of debris disks structure!
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VERVEeW J\/erJ (NexT talk )
SEASEEIaAlyAresoeIved:
If] mo;"r cqu;’ w/ - '
a/oniii be able fo iJf
oK planets by “m
Sulidying ff/_jjf* .,dJsk
;‘rr’LJfrur” directly.
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250 microns [JEMT)
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0 Bl p;- ess#fUcTure o
“"'ﬂ;aﬁ E‘ ed_.byﬂ-he plane.rs Fomalhaut Circumstellar Disk Spitzer Space Telescope « MIFS
= == 'can'affec‘r the shape | woemcome e
~ of the Spectral

(Egég%yo?fgg'zgf"_ maybe we can study the debris

disk structure indirectly (FEPS)
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No planet a - Carbonaceous grains
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generated by an outer belt of

Iswiltiisinnerplanetisiisifundamenta ——
1 that of the disk without planets.

decrease of the near/mid-IR flux due to
ng of dust inside the planet’'s orbit.

‘A

% Tt may be possible to diagnose the location of the
planet and the absence/presence of planets

but...



There are.degeneracies; that can (
only be solved with hlgh -resoliiion
obsenrvations... | .

1 at 10 pc
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There are.degeneracies; that can (
only be solved with hlgh -resoliiion
obsenrvations... | .
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And ALMA alonz | 209ty
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/rrrr JLJJr (ite zodiacal ight“)rproducediby

asteroid-like bodies in ‘rer'r'es’rr'lal planet reglon
gl \/*s invisible for ALMA (low ; too diffused)

Vfée observa’rlons with Spitzer (next talk) show
= that mm and far-IR observations are very

___-—-

S—— dlffer'en‘r from each other, and both need to be
= ~ considered in the interpretation of this systems.
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5]‘5 ‘!\ e cocltierian o el eli@laep bogle Jeriods
J 5 lme (“standard scenario”).

Weme

Je
PROGESSE ner...

(0]

= S’rochas’rlc collisional events [new Spitzer
== resutls; and observations of debris disks
— j ~ around old stars (few Gyrs)].

The high sensitivity of SAFIR will allow us o make
deeper surveys of stellar clusters of known age, to
study the number of stars with recent collisional
events as a function of time.



Ouzsiions TAFER willanswze... "‘(
ISHHE i vombardmenii epoch iW

J\/Jr/m mmJ among other stars? Is i‘rs intensity below
O A0y dYEgde=? ' — .
Gonsequences for the survival of Life in the
sierresirial planets in the habitable zone.

rE.

Jierresty al planet formation should produce a clear IR
3 J,_Le : ,' igh sensitivity surveys will allow us to:

_,.-i-:__,_

: 3 Study timescales for terrestrial planet formation.

i

0 Estimate whether they are common or rare.

v

;#: Observation at different A's will allow us to tell
where the action is taking place.
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M@ssive planets creatie structiure in debris disks.
r]ljf OJJJ’U( Or’/ VEilensare runaamental™oris
erpres a jon in terms of planetary architectures:

5 -Ds are degenerated
:'-— =) Sp/tzeris not enough.
= -n__.__»r.._mm and far-IR give complementary information
_, = 4/ MA alone is not enough.
= Debris disk structure is sensitive to long
=~  period planets
| == Radial velocity and transit surveys are
not enough
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ol lisionall events, or in a slow grinding down
0 E '1cme‘resumals

2= |mesca|es of terrestrial planet formation.

= Ar'e terrestrial planets common or rare?
"Are other planetary systems more hosftile to

_,__j';:- Life?
o (]
We need SAFIR!



For detarls aboli*the modeling; "(
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ibynamical models of: KB Dust in the Inner and Outer Solar System”,
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' éé“éi Spectral Energy Distributions of Circumstellar Debris Disks.
- IT. Outer Belt of Planetesimals with Inner Giant Planets”,
=~ Moro-Martin, Wolf & Malhotra, 2004, submitted to ApJ
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Pre-prints at:
hidp//www:lpl.arizona.edu/people/faculty/malhotra2.html







