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Introcuction: -
VWL IS a 0ERKIS AISK?
rJovv LS structure IS created’>

/\/nr- _can it tell us about massive planets?

De_f_r.'-:;'" Viodeling:
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= _enS|ty structure (If spatially resolved)
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Conclusions



ntrodu‘tlon

Ity ks 4\/IS stars. re'surrounded by debris disks:
colcl J‘rlf~JR SpfllEElgle r|,:*"r =IOV
f:‘pfOD:‘;f 5 star light and emits at longer A's.
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DEINIS ks are indirect evidence of planetary
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| Poynting-Robertson drag ~ 10 yrs > 107 yrs
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Je: 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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Log[Number]

=a.f_-".£"fl- 'e massive planets shepherds the dust

=" —gralns In the disks.

®: Massive planets may scatter and eject
dust particles out of a planetary system
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Effect 1 B

- minimum at

| Neptune's position
(avoid resonant
planet)

- ring-like structure
along Neptune's
orbit (MMRS)

- Effect 2 e

clearing of dust

from inner 10 AU
(due to gravitational
scattering by Jupiter
and Saturn)




160 AU
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H141569 1.1um (scattered

light) NICMOS

(Weinberger et al. 99)

i LN ury &) =i
HR4796A 1.6 um (scattered light) Vega 1.3mm (emitted light)

NICMOS (Schneider et al. 99) PdB (Wilner et al. 2002)




Eelps and asymmetries observed in high-resolution
PISERYAatIenS st estoiantplanets mav perpresent.

PEPKIS disk structure is sensitive to a wide range of
SEminayer axis (complementary to radial velocity
G Eransit surveys).

We can learn about the diversity
of planetary systems from the

study of debris disks structure!
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No planet 2 - Carbonaceous grains
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3M,,, at1 AU } ' Carbonaceous grains
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edlcted Sp/zter Broadband Colors
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VWheart cenwe [ger] from_the SED
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The SED of a dust disk Jenerated by an outer belt 0)i j
plEnEbeEsimals \/\/J thsinnenplanetsisifundamentallys
dnEErent firom that of the disk without planets.

Sngmgr ‘decrease of the near/mid-IR flux due to
J~= fng of dust inside the planet’s orbit.
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=== JS alfflcult to diagnose the mass of the planet
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~ % It may be possible to diagnose the location of the
planet and the absence/presence of planets

but...



Iihere are degeneracies that can
only be solved with hlgh -resolution. ..
ORSEeRvations... |
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Iihere are degeneracies that can
only be solved with hlgh -resolution. ..
ORSEeRvations... |
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Ganeliusions “'"""_ (

DEKISI disks stm,ensmve to 1ong period

PICNELS) by, of planetary systems.

structu re.

J‘e on off dust inside the planet’s orbit (grav. scattering)
l: fced dust density (trapping of particles in MMRS).

DUSIE
- D

JE’B
= vfs'lgnlflcant decrease of the near/mid-IR flux
:_; = ~ due to the clearing of dust inside the planet's orbit.
- _- - difficult to diagnose the mass of the planet
- possible to diagnose the location of the planet
- there are degeneracies that can only be solved

with high-resolution observations...
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DVrlziglie AJ'GC’ S alre necessarVv . ror e VSten
Stlidied (1-10M,,,, at 1-30 AU), because:

g
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At ~fié important to estimate the enhancement
o'f 'r)-s'r! ticles at the MMRs with the planet.

e ‘1’5 and 30 AU is important to determine
-aecurately how many particles drift inward.

il '—'_‘-.—"

— ‘OfOur dynamical models (with 100 particles) are
sufficient to study systems with planets at 1AU, but
are not sufficient for planets at 5 and 30 AU
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Eor details about the modeling: “(
Siidy of t e Dynamics o tmth

PIStEbULIoN and' Spectral Distribution”,
VIBieEVartingMalhotnra, 2002, A, 124, 230"

“Dynam]eé{ off KB Dust in the Inner and Outer Solar System?”,
J\/Joro—JvJa_ﬁ-ﬁa Malhotra, 2003, AJ, 125, 2255

BUSE OU flows from planetary systems”,
Jvjo)] 0=V artln & Malhotra, 2004, submitted to ApJ
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== Viodel Spectral Energy Distributions of Circumstellar Debris Disks.
'I1 Outer Belt of Planetesimals with Inner Giant Planets”,
= 1\/I’oro Martin, Wolf & Malhotra, 2004, submitted to ApJ
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Pre-prints at:
it/ atlpliarizona.edu/people/faculty/malhotra2.hitmi
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— Single Grain Size, Single

Composition Disk SED
This is a self-consistent

approach, as the disk density
distribution can neither be
defined independently from the
SED of the embedded star nor
the dust grain properties Compositio




B=0.00156

5J_IIIIIIIIIIIIIIIIIII 5J_IIIIIIIIIIIIIIIIII EJJ_IIIIIIIIIIIIIIIIIII
- | Z'J‘;- !'. C . 1
oF s O _l or )
L | - - I - [ | :
5 L lJl{%p 1A0 E 5L 3.T1|1;p 1A7 . _aih lDJl:.Fp 1ATT
1 AP IS T 1 I [ T | | P R

]

C i

; f :

I (o

Liup AU _5 [ 3Iup 5AU |
Dot b ab v Qoo lo b bvaabi b

-1 g 1 2 2 -1 g 1 2

; N
_5 [ 10Jup EJAU E.
Do bl b biaa

-1 O 1 2

La

ErJ_IIIIIIIIIIIIIIIIIII 5J_IIIIIIIIIIIIIIIIII EJJ_IIIIIIIIIIIIIIIIIII

F i - i ; -y
5 [ Lup S30AUTL; _5 [ 3Jup B0AU L _g [ 1GJup 304U

IR N TN R IS NS N T -||||||||||||||E||||||

!
:

Log[Surface Density]

-1 o 1 2 3 -1 0o 1 2 3 -1 o 1 2
Log[r{AU)] Log[r(aU)]

Ty ] without planets
E Solar
- System = with planets

Radial Density
Distributions

Log[r(AU)]



Radial Density
Distributions

Log[Surface Density]

B=0.4

J_IIII

5J_IIIIIIIIIIIIIIIIIII

:- C
:-'q!'r-*- "
it 0 F-
C C

r 1Jup 1A0 5L
1 I T 1

IIIII”IIII'_

IR

LJup AU

IIIII”IIII'_

3Tup {S‘AU

-||||||||||;|||||||||IE||

-1

g 1 2 2

-1 g 1 2 3

J_IIII

-IIIII

I
LJup 304U

|||||||“|||||E||

5J_IIIIIIIIIIIIIIIIIII

7
BJup 304U |

-|||||||||||||E|||||E||

-1

g 1 2 2

-1 g 1 2 3

Log[r{AU)]

without planets

with planets

Log[r(AU)]

J_IIIIIIIIIIIIIIII

r {
r 10Jup ST :
'|||||||||EiI||||||||;||

-1 O 1 2

J_IIIIIIIIIIIIIIIIIII

r 10Jup 304U:
(T N T SR
-1 0 1 2
Log[r{AU]]




Effect 2 K —
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Amorphous Silicates
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S Smalllgrains
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Single Grain Size, Single

Composition Disk SED
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5t oifi planetary systems with distinct Sprtzericolors (

Compaosition dyarn / Bpm 8um/13um St /244
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Mgg e Feg 4510, 1ATU—GAL® 1,5 AU, no pl—30AT1J8
1ATT—30AU
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30AU—no pl
1.Jup5—10Jups®
MgFeSi0, LATU—30ATS®
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Composition  13um/24um 244 / Tum
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F0AT—no pl

MgFeSi0, 1Jupl—1Jup3g?
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