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Xploring the inner-most AU or YSO disks

~ Infrared mterferometry aIIows one to probe
E 'the inner AU of YSO disks, where S s

the dISk structure changes drama’tlcally i '
due to dust subllmatlon effects -

.;..aCtive -ac_:cretiOn takes_'p"lac'e‘ P

E m'te'teri'al is; acc_eler__a’ted- and ejected in O'Utﬁlbws/jete



Constraints on the inner disk structure

GEOM. FLAT
DISK

e.g. temperature
gradient models

No asymmetries
(CP = ZERQ!)

VERTICAL RIM

| | § |

Natta et al. 2001
Dullemond et al. 2001

Strong asymmetries
(strong CP signal)

Interferometric observables:

Visibilities

CURVED RIM

Isella & Natta 2005

VERY CURVED RIM

-------------------------

Tannirkulam et al. 2007
Kama et al. 2009

Weak asymmetries
(weak CP signal)

-» measures object extension (in first order)

Closure Phases (CPs) - measures deviations from point-symmetry



R Coronae Australis

» Herbig Ae star located in Coronet cluster
at d=130 pc (Marraco & Rydgren 1981)

« Spectral type very uncertain (F5-B8)
 Associated reflection nebula (NGC 6729)

« Embedded in envelope
(dominating mid-IR/mm SED)

 Hypothetical companion star proposed by:

Takami et al. 2003
(based on Ha spectro-astrometric signal)

Forbrich et al. 2006
(based on unexpected X-ray emission)

Corona Australis, B/V/R—band (2..2nﬁ/\iv'|:1, ESQ/F_ ;Com'e-r_o'h_)' '-‘__-:.,: il :



Revealing the asymmetries of the inner dust rim
VLTI/AMBER observations on R CrA

24 AMBER observations with 3 ATs
(during 4 nights in June 2008)

H+K band (1.6-2.5 um), A/AA=35
E0-GO-HO telescope triplet




Revealing the asymmetries of the inner dust rim
Indications for a disk + envelope geometry

PA=100°
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(1) Pronounced change in slope in visibility function indicates 2 spatial components:

Extended component (~30 mas) & Compact component (-5 mas)
“Envelope” “Disk”




Revealing the asymmetries of the inner dust rim
Indications for a disk + envelope geometry

PA=100°
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Spatial Frequency [106 Al

(1) Pronounced change in slope in visibility function indicates 2 spatial components:

Extended component (~30 mas) & Compact component (-5 mas)
“Envelope” “Disk”

(2) Visibility profile changes with position angle



Revealing the asymmetries of the inner dust rim
Position-angle dependence of visibilities & CPs

The visibility function and the
measured non-zero closure phases
are strongly position angle-dependent!

=>» Brightness distribution is
highly asymmetric
on sub-AU scales!
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Non-zero (-40°)
closure phases!!!



Visibility (2.2 um)

CP (2.2 um) []
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Revealing the asymmetries of the inner dust rim

BINARY STAR model

AMBER data (E0-GO
AMBER data (HO-GO
AMBER data (EO-HOy=—

" Binary Model

gl—o—u

40

100

120

Scenario:
Close binary system
(possibly with resolved disks)
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Visibility (2.2 um)

CP (2.2 um) []

Revealing the asymmetries of the inner dust rim

VERTICAL RIM model

Vertical Rim Model -
AMBER data (E0-GO Scenario:

os | ’,}MEEE%%@@E&ES% —— Vertical puffed-up inner rim
(motivated by Dullemond et al. 2001)
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Visibility (2.2 um)

CP (2.2 um) []

Revealing the asymmetries of the inner dust rim
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CURVED RIM model (1/2)

Curved Rim Model
AMBER data EO-GO; —_—
AMBER data (HO-G0Q) +»—=—

AMBER data (E0-H0) =—— |
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Scenario:

Curved puffed-up inner rim
(following Isella & Natta 2005)
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Visibility (2.2 um)

CP (2.2 um) []

Revealing the asymmetries of the inner dust rim
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CURVED RIM model (1/2)

Curved Rim Model
AMBER data EO-GOE
AMBER data (HO-GO
AMBER data (E0-HO0)
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Some residuals remain
=» Further model
refinements needed
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Scenario:

Curved puffed-up inner rim
(following Isella & Natta 2005)
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Revealing the asymmetries of the inner dust rim
CURVED RIM model (2/2)

Temperature map 1

Dereddened SED (Ay=5.0"; Ry=4.7")
Stellar atmosphere (12000K, g=4.0)
Star+Rim Emission

Rim Emission

Lyge/L,=0.35
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Vertical disk scale height

STAR:

Luminosity: 29 Lg
DISK:

Inclination: i = 35°

Disk orientation: ¢ = 90° (N-S)

Dust cooling efficiency: ¢ = ¢, (large grains)
ENVELOPE:

Gauss FWHM: 32 mas

Ienv/ Idisk 0.5



Revealing the asymmetries of the inner dust rim
Comparison with large-scale structure

30" 0.01"
3900 AU : 1.3 AU

outflow
direction?

* Derived disk orientation is consistent with polarization disk (Ward-Thompson et al. 1985)
« Bow shock-like features appear roughly perpendicular to disk plane



Besides the dust continuum emission, YSOs exhibit also gas-tracing emission lines,
tracing the accretion & outflow processes in YSOs.

Funnel flow simulations L“"u” Lol
(Romanova et al. 2007) RAREN X

MHD jet launching simulations
(Casse & Keppens 2004)
s

Burrows et al. 1996

/;"




van den Ancker 2005
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Our sample includes 5 YSOs, including archival data from Malbet et al. 2007 & Tatulli et al. 2007
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dDEC [mas]
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circumbinary disk * continuum ring/ellipse
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Origin of hydrogen li

What do we know about the Br y-emitting mechanism? . Bry 1.,
, of g
(1) spectro-interferometry: S 18
Br y can trace both mass infall and mass outflow % -1 - 18
) 15
-2 - O
(2) empirical relation: : 18
Br y luminosity correlates with mass accretion rate e
(as determined from UV veiling, e.g. Muzerolle et al. 1998) log Ly,,/Lo

-» Br Y indirect tracer of mass accretion rate

(suggests tight quantitative connection between accretion- & outflow processes)
(cf. spectroscopic studies, e.g. Cabrit et al. 1990: Mgjee/Mye. = 0.1)



0.01"
1.3AU

30"
3900 AU

K-band (VLTI/AMBER)

Revealing sub-AU asymmetries around R CrA: (Kraus et al., A&A accepted)
* Closure phases can measure sub-AU asymmetries & constrain inner rim models
» For R CrA, detected asymmetries cannot be explained with companion star scenario
« Visibilities, CPs & SED can be reasonably well reproduced with
curved puffed-up inner rim + envelope model

Origin of line emission in Herbig Ae/Be stars: (Kraus et al. 2008)
 Spectro-interferometry allows one to trace gas in the inner disk

* Br y traces both magnetospheric accretion and outflow processes
* Bry indirect tracer of mass accretion rate




