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MIDI at the VLTI

Two element beam combmer

s Measures Spectrally resolved V1s1b111t1es'7
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HAe stars

;Interrnedrate mass EMS stars
| e Spectral type early F to late B
o “."“Class II” s e e o
B Passwe elreurnstellar drsks that no. longer o
. decrete srgnrﬁeantly (~10 M@ yr 1)
..Ages\~105 107 yr e
S Srze \fnd brrghtness 1deal for ﬁrst smenee Wrth
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I DlSk Structure

T " Mm 1nterfcrcmctryT~lOO AU)
S Opt1cal/NlR scattered hght (~10() AU)

e ngh rcsolutlcn spectroscopy (<1 Al
' " SED modchng (all scales, but 1nd1rcct)

' Lackmg spatlally rcsclved obscrvatlons

cf the dust emission on scalcs bctwccn
O kand 100 AU (O OOl e arcscc)

' . La gc tclcscopc 1mag1ng, 1ntcrfcr0mctry




D1V1s1on mto two groups ﬂarmg
Versus ﬂat (self—shadowed) dlsks‘?
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IS Bl ik stonmd I N

'_ . Inner r1m 1s

uffed up

 .' ° Causes addltlonal
- near-IR Kadlatlon

. Shadow\ed reglon
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. Geometry of protoplanetary disks

. Flarmg or :
ﬂat dlSkS

~_ : ' Flat dlSkS
ol gre selts o e
.__' ShadO\\Ned |
L Evolu\tlonary '

link21. -

Dullemond (2002)
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V1s1b111ty snnulatlons ﬂarmg
' Versus self—shadowed

Astor, group I

o Self-shadowed
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Observed
spectra and
disk modél
_SED(') fits. to

'«MIDI sample
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IR spectral slope and disk “size”
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12.5 micron
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NG S‘truetureof 'oireumstell-ar disks o
Q Is the observed drfference n SED (group I
group 1I). oaused by a drfferenoe in disk | |
geometry (ﬂarmg, ﬂat)‘7 MIDI “YES” o

. Current generatron of models reproduce ﬁrst
| measurements reasonably -

- o Mueh work ahead modehng 1nd1V1dua1 SOurces

N Miasurements at multrple baselmes e




Very dlfferent dlSk structure

 "° Gas-phase g
molecules 1n i
near IR

51 Oph SED

o

-1 cm_z]
o

. puffed—up 1nner ik
Tim mlssrng |

vF, [erg s

- DlSk eovermg S
angle only 4 deg s
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VLTI observatlons at
10 p,tm ot HD100546
| usmg MIDI

Em'ssmn almost full resolved on a scale of 20 '. e
" milli-arcsec (1) |

| . “Wall” at 10 AU‘? Bouwman et al 2003 L1u et al
2004




o ! 'From prlstlne (sub m1eron s1zed amorphous
S grams 1SM) dust to. “evolved” (m1eron SIZed
Gk _._gralns partly erystalhne comets) dust |




. Processing of silicates:
 amorphous > crystalline

Vaporlsatlon recondensatlon above about

- 1400- ISOOK (forsterlte Mg I'lCh)

. e Chermcal equlhbrlum reactlons T > 1100 K'

2 conversmn of forsterlte to enstatlte

o Thermal anneahng of amorphous ISM

&1110 tes, Fe-rich () T>9OOK e
Ann ahng n shocks‘? R e




2 . Crystallizati()nandMiXing .

- accretion
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thermal . ann _allng
Chemical equn
- reactions

Shock anneallng’?
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~ Distribution of silicates

enstatite

~ Forsterite Enstatite  Fe-rich amorphous
oy R \ - olivines,pyroxenes - .

) \\,__ ’ :




* Dust processing at 10 micron

~ Small amorphous grains < . - Largegrains.
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- 10 mrcron spectroscopy
; hmltatrons .

” ‘Sensmve to Warm dust only (above = 2()0 K) B

3 Predomrpantly probes the Warm surface layer -_

il Sensltrv - to grain srzes upto a few mrcron

Small W ’lvelength range (~ _,—-13 5 mlcron)

s lite 1nf“ frrnatron abo‘\ t‘,ternperature d1str1butron '*

- of dust




10 micron survey (spatially unresolved) *

24 stars
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oe 107 yrs
- Age -mass relaﬁon .
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- Shape vs. strength of silicate feature
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.. olivine

s Co’mposi'tio‘nal_ﬁts e T

Optlcally thm model — S _‘II)yl.’_oXene‘ o

e --"'-'Ohvme Pyroxene,

< o forsterite, Enstatlte

b _-_"Slhca PAH R o T
q D1str1but10n of hollow Rk
e spheres\ (DHS)




_ Distribution of Hollow Spheres (DHS) .

=LA TRE L =N

S Spherlcal gralns w1th central cav1ty

“+ " Average over the\mlume fractlon
- -occupied by the innér. caV1ty, keepmg
- the mass of the partlcles constant. -

| Statlstlcal approach 10 model reallstlc
_|rregular dust partlcles L e e e oL
3 All?ws "_bacmes of large grams (0uts1de Raylelgh 11m1t)
. to be cal 'ulated o e - . |
e 'Mln Ho' emer & De Koter 2003 A&A 404 35
2o Mm Hovemer & De Koter 2005 A&A n press
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Shake the box

6 _'_Make a hnear least square ﬁt to obtam

SREFUISSER—— Y

S X The abundances of all dust spe01es
: (growth\crystalhnrty) ’ v
X The average temperature of the dust grarns _

\
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o e (1): growth & crystallization

All stars have-_; ,
S grain growth el
' ~mosf stars™ - n

| domlnated by-

'_large grams ‘

L AII hlghly
v 'crystalhn(e |
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| Re'sul_'t_s (II):..crystaui'z_ation vs stellar mass

S ‘More masswe stars
. (M>2.5 Mg, L>60 L@)

. show hlghest
5 crystalhmty

Below 2.5 M@ (‘60 LQ)
s _'_._-no relatlon between
. mass, ery\stalhmty

2. 2.5
Stellor Moss [Mg]




© Results (1ID): crystallization vs PMS age

i Young stars are.

.~ “also.most masan

. (most lummous)
Oomes S

.« Below 2.5 M@ no

© _-obvious relatlon

Mass Fraction Crystalline Groins




Spatlally resolved spectroscopy (MIDI)

HD 144432 whale chsk
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' \' L Spa‘tialdistributien O'f.t.h..e. dust

. Crystalhne grarns concentrated
n eentral drsk regrons 3

= "Outer disks can be ¢ prrstrne PR
e ‘Whrle innet disks: arc:; evolved”‘-.---,,..‘

In dlSkS wrth low erystallrnrty,

ﬂcrystals seem restrrcted to
:_1nnerrnost drsk regron |

« In dlSkS Wlth high crystalhnlty,
als ar present also further_-f |

HD 1425 |_7 inner drsk mostly

| : .forsterrte further out mor
. enstatrte | *

 MIDI @ VLTI Nature, 4_32,4-7'9. _‘




Di‘skr_'nodelwith_ non;urr_iform composition

¢.2D radlatrve transfer self
. - consistent Vertrcal structure :

i Mlxture of carbon and
s srhcates | -

. ¢ To 1000 K crystalhne i
T <1000 K arnor]phous9 TR
-no radial mixing =~ "¢

_ Observed

o ‘.'For more crystalhrie dlsks

i mclud,e rac}r\al mrxmg

" Inner disk, ' 8

~ Observed

" Total disk.
 model

Inner disk,

- model




VLTI/MIDI observatrons of
HAe stars

N Tt ke (~1 AU) have*-r_? = e
ST hrgher fractron of silicates is crystalhne (40 100%) Ao

; — larger s1hcate grarns than further out’ |
‘more forsterrte n 1r1ner drsk rnore enstatrte further

. outinH 142527,
& Con5|stent with:

o ‘Chemical equrhbrrum process1ng+ therrnal anneahng 1n
| Jlnne_ disk - R e G P
—'Rad al mrxrng to move crystals to 1arger drstance e :

| What dauses large star to-star d1fferences‘7




Consequences for spatrally
unresolved analysrs‘7 s

— e

'Composrtlon not homogeneous

g ,:_'Crystalhne s1hcates hotter than aInOl"]QhOus

srhcates (more so in low orystalhnrty

sources than n hrghly crystalhne souroes)

e Srm" le test ﬁt full drsk speotra demand

'See"r trends remarn i




 growth & crystallization, Tcr;staume _ 1000 K
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Crystalhzatlon VS M*, T

crystalhne

. IOOOK

trends remain!
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- MIDI observations of T Tau stars

Same tremd.as seen in HAe stars!

correlated flux

0 . 1
mMICcron




Conclusmns

e Current generatron of disk models y1elds quahtatlve |
agreement with spatlallx reselved thermal IR em1ss10n _

"-Need for detalled ﬁttmg of 1nd1v1dual sourees multrple -
. baselines: & >~ i S '”

e Reﬁnement/reeonsrderatron of dlSk models

-+ Growth i “easy””, happens “everywhere? (< 10-20 AU)
8 Crystall\rzatlon in innermost disk - regrons subsequent
,radralt ansport outward efﬁeleney varies. S

'Crystal '1zat10n (radlal m1x1ng) happens predommantly i
s aetlv or earIy passrve dlsk phase Tl




Would you hke to compare‘?

W To obtaln “DHS” opaelt1es please send a i |
' request to Mieh1e1 Mm e
(mmm@ selenee uva nl)

K Mm Hovemer & De Koter 2005 A&A 1n press
astro ph/0503068 A







Small Dlivine

= Big Olivine
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- Shape vs. strength of silicate feature
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" Dust species

. Amorphous Olivine . - §
-:T-"Amorphous Pyroxen\ s
5 Crystalllne Forsterlte . ied

 Crystaline Fhétati_té .




