
  



  

UV and X-ray dataUV and X-ray data

● photometry  from automated catalog search 
● <UV>-data  from FUSE, STIS & IUE

● UV → non-photospheric  λ < 150 nm

● IR → non-photospheric  λ > 2 μm

● X-ray data  from Chandra, XMM/Newton 
● LX ~ 10 29.8 erg/s 

● fitted and extinction-corrected with 
two-component X-ray emission model

~



  



  

The                    modelling approachThe                    modelling approach

● use detailed UV and X-ray data for input spectrum

● “standard” dust opacities, and dust radiative transfer 
(MCFOST, MCMax) 

● simple “standard” gas & ice chemistry (kinetic chemical eq.)

● gas heating & cooling (ProDiMo) 

● simple 2D parametric disk shape (tapered outer edge)

● dust settling → Dubrulle et al. (1995)

● fit all continuum observations (SED, images, interferometry)

● simultaneously, fit all line observations like CO ro-vib, Spitzer, 
Herschel, sub-mm (line flux, velocity profile, radial profile)

● … with one model (!)



  

The perfectly symmetric disk of HD 163296The perfectly symmetric disk of HD 163296

http://almascience.eso.org/alma-data/science-verification
 

de Gregorio-Monsalvo et al. (2013, A&A 557, 133)
 

Rosenfeld et al. (2013, ApJ 774, 16)

http://almascience.eso.org/alma-data/science-verification


  

The HD 163296 CO 3→2 channel mapsThe HD 163296 CO 3→2 channel maps



  

The HD 163296 CO 3→2 channel mapsThe HD 163296 CO 3→2 channel maps



  

The HD 163296 CO 3→2 channel mapsThe HD 163296 CO 3→2 channel maps

The ALMA
bag bellow



  

The HD 163296 CO 3→2 channel mapsThe HD 163296 CO 3→2 channel maps



  

CO emission geometry     derived height of CO emissionCO emission geometry     derived height of CO emission

Horne & Woitke (2013, unpublished)
 

Rosenfeld et al. (2013, ApJ 774, 16) ← z/r = tan(15°) = 0.27 !?



  

Tilling et at. 2012 (A&A 538, 20)

CO 3-2 13CO 1-0
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Fit of continuum observationsFit of continuum observations

tapered edge surface density

Tilling et al. (2012)  Rtap = 125 AU  →  119 AU

ε1 = 0.9,  ε2= 0.9  →  1.03, 0.58  

disk flaring

Tilling et al. (2012)  β = 1.07  →  1.19

dust settling

Tilling et al. (2012)  αvis = oo  →  8.1(-6)

UV gas opacities (!)

(DIGIT)



  

Fit of continuum observationsFit of continuum observations

no dust settling

tapered edge surface density

Tilling et al. (2012)  Rtap = 125 AU  →  119 AU

ε1 = 0.9,  ε2= 0.9  →  1.03, 0.58  

disk flaring

Tilling et al. (2012)  β = 1.07  →  1.19

dust settling

Tilling et al. (2012)  αvis = oo  →  8.1(-6)

UV gas opacities (!)



  

Density StructureDensity Structure

gas                                                       dust



  

Temperature StructureTemperature Structure

dust                                                     gas



  

CO line emissionCO line emission
CO concentration                                           CO 3-2 emission region



  

Fit of continuum observationsFit of continuum observations
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simple image data analysis (circular means)



  

Fit of continuum observationsFit of continuum observations

cont. model
ε2 = 0.1

    β = 1.08 

● continnum: very sharp drop of surface brightness ~125 AU

● line: extended to at least 600 AU

● first evidence of radial drift?

F. Menard: more careful analysis in visibility plane (elliptical de-projection)

de Gregorio-Monsalvo et al. 2013 (A&A 557, 133)

CO model
ε2 = 0.9

   β = 1.16

major axis [AU]



  

Fit of ALMA CO line dataFit of ALMA CO line data
CO 3-2 12CO 2-1 13CO 2-1 C18O 2-1



  

Fit of other line dataFit of other line data

deeper GASPS data:  Meeus et al. (2014, in prep.)
 

CO SPIRE data: van der Wiel et al. (2014, in prep)



  

Fit of CO 3-2 channel mapsFit of CO 3-2 channel maps

The ALMA
bag bellow

Δv = 0 km/s Δv = 0.78 km/s Δv = 1.57 km/s

Δv = 2.38 km/s



  

Fit of CO 3-2 channel mapsFit of CO 3-2 channel maps

Rosenfeld et al. 2013 (ApJ 774, 16):
special purpose double-cone model,

parametric T(r,z), constant CO concentration (no CO in midplane)
CO emits from z/r = 0.27

de Gregorio-Monsalvo et al. 2013 (A&A 557, 133):
based on detailed MCFOST dust radiative transfer, 

Tgas = Tdust, constant CO concentration (no CO in midplane)  
CO emits from  z/r ~ 0.35



  

SummarySummary
● recently published HD163296 models can either fit the continuum 

observations or the ALMA CO channel maps, but not both

− SED requires a flat outer dust distribution

− ALMA CO channel maps require strongly flared 
outer gas distribution, CO emits at z/r ~ 0.4

→ this is direct evidence for (very strong!) dust settling

● continuum images: very sharp outer edge

→ possibly first evidence for radial drift

● what is better? 

− “compromise” model, providing decent fits to most line and 
continuum observations, or

− special purpose models, that can fit certain observations very well, 
but are inconsistent with other observations

→ you decide

~
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