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AU Mic: Transitional Disk? .

M. Liu (IfA/Hawaii)

H-band (m

Orbit of Neptune
- D e

. [Liv2004] -
AU Mic: |

SED suggests inner disk cleairinfé> _
AO and HST imaging resolves structure
1o planets >1My ; at->20 AU

‘arcsec?

30 40
Separation (AU)

I (arc sec)
- AU Mic vs. f Pi¢:

similar radial profilés

- . similar process: grain growth vs. ‘collisions+PR

[Metchev et al, 2005 astro-ph/0412143]




12C0(3-2) emission from TW Hya ... .

—

" Rotating, optically thick disks




Whér'e.t_dre ‘rh'e fmn'_s_iﬁon 'dis'ks2,"'+

L5 dus’r & gas (o 01 01 N\@)e dus‘r (<1 Mmoon)
> dynamlcs gas > radiation pressure /collusmns'
> grains growing > grain destruction . -

> SPITZER SEDS: FEPS, Chen & Werner

<> very few ob Jec’rs 5 =15 Myr .

flared - inner evacuated' region 3--10 Myrs
flat - ‘mineralogical evolution | |
> Tr'an5|T|on times short (eg. skrutskie et al. 1990)
AU N\IC inner dlSk ‘collisional evolution,
© . . outer:* pmmordlal dust. (Me’rchev)




Spszer' %more cmd mor'e debms dusks

g I Neiw. young debr'ls dISkS
S e 2x107M@-4x1010M " ‘ ;
> More old & cold debms than expec‘red (15 30%)
e Kunper belt analogs il
' -.I'_Fewer' w: dust few X IOOK
e as’reroud Iuke i 4 |
- Hale Bopp like spectrum (Belchman e’r al)

.» Spectral signatures dls‘rmgwsh between primordial ;.
and debris disks? . TR L
> _hngher angular resolution FIR/submm '

'SOFIA, Hershel even Fir ALMA?. ‘
Icompar'e with models-e.g Gurti & Hollenbach -




£ Er'l N\IPS 70 um

? -(Megea’rh et al. 2005)

" Left: 70 um fine scale - .-
Right: HIRES deconvolution - s B

SCUBA 850 um (Greaves ct al 1998)

e 70 Mm source has 15” FWHM
- and:fills the |nter1or of o
the Subm||||meter r|ng Al images shown-at th.e same

5 -.;'- No extended 24 im emission ipeatscrle
* 160 um data is still pending

353 nd




Observing the inner disk




. Spitzer SEDs + models > not comple’rely
unamblguous '

.3 Near-infrared m’rerferome’rry probes
PTI IOTA Keck: VLTI -

Phase closur'e &

7> Mid- mfrared m’rerferome’rry
Radlus dependenT mmer'alogy




Spitzer SEDs + modeéls - not completely unamblguous
= near-infrared interferometry ..

PTT, IOTA Keck VLTT.

Near-IR mterferometry i (Sub-_)mrh interfe.ro,(hetry

-Herb|g .
" Ael/Be ..

|\/|Id IR mterferometry

8-10 meter Telescope

Hubble-Space Telescop:e ‘

Outer disk
Dust

Magn.sph. inner rim
_ accretion 0.5 AU
0.02 AU

Habitable zone
2-5AU

+~Spectral energy distributions / low-res IR spectrl'a-

Hao, polarim, variab. *

“Rovibrational molec lines (e.g. CO, CO2)




- Size-luminosity relation
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Near-IR Sizes of Herbig Ae/Be stars

- - - - Optically-thin inner cavity
e Optically-thick disk midplane

&
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& S

8 ,e

Monnier, Milan-Gabet etal 200

10° 10° 10* 10°
Luminosity (Lsun)

s ...Monnier & Mi,”an--Gébet 2002 e



> Herblg Ae/Be
- Well-defined:near- IR size- Iummosu’ry relm‘lon
 Some'disks are elongated (and skewed!) .
Next - imaging VLTI CHARA
> TTC(UJ"IS ‘ LN
. New developmen’r of ho’r inner rim"

v - Early type stars (Herbig Be): - ‘Accretion disk model fITS besT E
Later type stars (Herb/_q Ae): Inner rim model fits besT

 Observed sizes are. s’rnll TOO big
'(accrehon Iummosﬁry onto.star is hugel)
More sizes to come fr'om KI & VLTI

je Mud mfrared In’rerferomefry needed




VLTI observa‘ruons at 10 um of .

HDIOO546 ‘using MIDI
vcm Boekel WaTers
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Emlssmn almosT fully r'esolved ona scale of 20
 milli-arcsec (1)

s “Wall" at ~10 AU‘> Bouwman eT al 2003 L|u e‘r al
2004 -




~ Distribution of silicates

enstatite - _e o : Gall | :
gl (2004)"

" - Forsterite. ‘Enstatite  Feé-rich amorphous- -
| ! olivines,pyroxenes




__CO'MﬁbdsiTional_'fiTSi .

. Qpfically thin model
"Olivine, Pyroxene, .
~ forsterite, Ens’ra’rl’re e
- Silica, PAH g

. 'Dls’rmbuhon of hollow.' i
- spheres (DHS)- -
‘0.1 um (“small”’) and 1.5
pm (“large ) grains -
~ Single ’rempercn‘ure .
. (Uniform comppsm_on)_: e




_Spd’rigj-l | di_s_’r-r.ibutio-n, of the dust - -

‘ Crys‘rallme grains, concen’rm’red in -
. central disk r'eglons e

Quter disks can be ’ pr'ls’rme |
| while inner disks are evolved" )

Indisks with low cr'ys’rallml’ry
crystals seem restricted o
innermost disk region |

'In disks with high cr'ys’rqllmn‘ry
crystals are presen’r also fur"rher
out. . ¢
"HD 142527:.inner disk mostly - .
forsterite, further.out more
; enstatite - '
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from C. Dominick
Scattered light

Mid-IR imaging

Submm/radio:
Entire Disk

. 7

HD100546




._ Dlsk e.volu’rlon iy B
'+ Grains in proToplaneTary dISkS grow

. _- » SED analyses bsugges‘r both grow th

.and settling

> Silicate emission, op’rlcal sca‘r’rered
IlghT | e oy
7 reveal small grams in surface e ': -
> radio thermal emission

%Iarge grains in The disk mldplane (um
mm cm- snze) i

'j Di‘sk- sff'rqfificaTion' obser\'-/qlfions )




66 Tdu most direct evidence of dust.
- stratification to date? Duchére et al-(2004).

» Scatfered light at

above ’rhe mldplane
above




_Hengh’r cmd opacity of edge on
disks (D'Alessio) ‘

. Scattered light asymrﬁefrles |
- (Duchene) IMAGE 66 TAU?

Flaring/Shadowing (Wood,
_Dullemond Hartmann Furlan)

PAH emission: whlch grams are
s absor*bmg" 3

- Silicate:emission: whlch gr'ams
are emitting?

Silicate feature shape band
s‘rr‘eng’rh (v. Boekel) -

. Dust-to- gas ratio on hlgh
- inclination sightlines =
(ReT’rlg/Br'l'rTam) '

Keck AO (3.8um)

Duchene et al 2004

CO Ro-vibrational lines from inner
dlSk region Bm’r’ram NGJITC( Carr -

uv: observa‘rlons .Qf H2
Bergin Martin et al.

_Specfr'opolar'lme’rry mG

_C!earmg -out of inner. disk,

For‘r‘es‘r et al: 2004,

Internal-physucs _o_f inner disks
(coagula‘rion/chgm_is’rry) Blum




from C. Dominick
Scattered light

Mid-IR imaging

Submm/radio:
Entire Disk

. 7

HD100546




mm/submm |magmg ALMA (SMA CARMA PdBI‘_.

Lo prlmordlol dusk mass meosur'es (dusT
conTmuum) e

dlscr'ummoTe beTween rotation, mfoll envelope _
Spo’nally resolved |moges + models

dISk chemlcol processes 2V0|UTIOH of groms

_.evolution of s’rrucfur'e (gops7)

molecular line caveats:

rodro’rnve ‘rronsfer more comphco’red chemical and
* physical processes (e.g., freeze-out) affect
-abundances as a function of T ond p, ophcolly ’rhuck -
lines don t trace all mass . - '




Ver"rlcal dlSk s’rrucTure

L3 Dar"ro:s et al. (2003) 12CO(Z 1) 13CO(2 1) and
'13€O(1-0) constant:t surfaces vs. radius and -
height (see also Piétu et al., poster #43)




Ver’rlcal s’rruc’rure DM Tau 5 .
5 Dartois et al observe 12CO(Z 1)/(1 O) 13CO(2—

R

. 1)/ (1-0), and-C'80O(2-1)

12CO samples 2-4 scale helgh’rs .

T 13CO(2-1) samples ~1 scale helgh’r Yo _
> B€O(1-0)/ C180(2-1) sample disk mudp’ldne .'

Evidence that the outer-layer’is warmer (~30; K)

e ‘rhan the mldplane (~13 20 K)

RS Only the most massive TT dISkS can be detected
. in'molecules due 1o typical depletions ~10- 100

.- Will have to wait for ALMA to know: whether:

these ’rechmques will work for' lower mass dusks i

o as well




Drsen‘ranglmg dlsks and envelopes IRAS
16293 2422 B L

* Class 0 bmar'y pro’ros’rar in p Oph

»-Component B has optic “
. -émission with Tg=S1?/.
" . 6Hzon scales of ~1?"

. Good molecules to Try
o H; CO, HCN, HCO",..
| SO CS eTc e

% Se’r out to de’rec‘r mfal |
= usmg H CO (413 312) @:‘handler et al. (poster #9)




SO(77 66) absorphon agams’r
source B

LSR*

* 50(77 66) @ 301 3 GHz also d@;@fé”rﬁd \




50(77;6 6)_ qb.sor'p;’_rion .agaf hst source Bb
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S outflow blueshif ted, infall reds
1673272372 23:0 228 22 2 rotating gas absorbs at Vsyste@

R.A. (2000)

_ 'AL_M_Aprovid-es_‘b_e‘sT Oppo.r"r_t._ir_\ify .



For'mmg PlaneTs Theory mee’rs observa’rlons _

f E core accre’ruon model magne’rohydrodynamm

“disks, magneTospherlc accretion, hydr'odynamlc
disks - - -

Io’rs of ques’rnons .
e cor'r'ela’rlon W. me’rallucu’ry and plane’rs favors core

‘accretion model , .
> -~ Hot Jupl’rer search may lllummm‘e




Disk dispersal -

; Some gas dusks can persus’r up to 20 Myr,
| _but.large range in-lifetimes . - _
Se 43 Be’r’rer observational statistics needed to. .-

. Consfrain lifetime inner. + outer'gas disk. %,
~-Compare lifetimes gas + dust disks - |

-5 Accretion + photoevaporation mayexplam |

~ .disk lifetimes of 110 Myr, but model |
results depend CI"ITICC(”y on adop’red EUV -

and FuUv flelds - ¥ gl
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>

'Jackue Kessler' c2d IRS

| ~suhca’res/o’rher spec‘rr'al fea’rur'es in TT dlsks as dIC(gY\OSTICS .
:  .of evolution first slide - - :

Dust coagulatioh and H2 dlSS.lpGTIOH time scales

" Change of features with gram size - ex‘rr'apola’re from ISO

for HAe stars.

- -Mix.of olivine and graphl’re -> sllgh‘rly difft resuITs .and ge’r a

. slightly-better fit same for 20 um feaTure requur‘e larger
“sizs.of grains overall °

* > Larger grains for sources. with cleared out mne dlsks7 o
. Want to fit a slew of minerals etfc

Ratio of 10/ 20 strength means need dlfferenT poula’rlon of
grains - difft sizes

. Statistical trends indicatin grain growth do not appear' to be
“related to sp type, age bu’r maybe to Halpha Ie clearlng of |
4 mner dlsk9 - . |




