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6 Olofsson et al.: The inner disk around TCha

cient, and we find much better fits to the data by increasing it
up to H0 = 0.02AU. As a matter of fact, increasing the scale
height also helps having most of the dust grains within a narrow
range of temperature, since it also increases the geometric sur-
face of the disk that is illuminated by the central star. With this
model for the inner disk, we obtain a maximum temperature of
Tmax= 1518K, close to the sublimation temperature of silicate
dust grains. A total dust mass of 2 × 10−11 M⊙ is sufficient to
match the SED in the near-IR. The dust mass is relatively well
constrained by the Midi correlated fluxes, mostly because the to-
tal flux in the raytraced images depends on Mdust.

6. Modelling the outer disk
As mentioned in Sect. 3, the Pionier V2 present a “plateau” at
small spatial frequencies, that can be explained by a partially re-
solved (or unresolved), extended contribution. Assuming a 2D
Gaussian profile for the photometric field of view of the AT
(with a FWHM of about 250mas) we are still sensitive to radii
up to at least 12.5AU at 100 pc (depending on the inclination
i). Therefore the outer disk is in the field of view of the AT and
may contribute to the drop of V2 at small spatial frequencies. The
same goes for the Midi data where the outer disk acts as a source
of incoherent flux and contributes to the drop in correlated flux
(FOV of about 300mas). With the setup for the inner disk as
described above, we investigated the geometry of the outer disk.
The outer disk parameters were set as follows, α=−1, H0=1AU
at r0=10AU, and β=1.11. For the dust composition, we used the
optical constant of Draine & Lee (1984), with smin=0.1µm and
smax=3mm, assuming p=−3.5. Because the inner disk is slightly
different as the one used in Cieza et al. (2011), and has an higher
scale height, the shadow casted on the outer disk is more impor-
tant. We therefore had to shift the inner radius of the outer disk
down to about 12AU to match the increase in the SED long-
wards to 15 µm. However, as in Cieza et al. (2011), to match
the Herschel/Pacs and Spire observations, the outer radius has
to be relatively small (25AU). We found a total dust mass of
8× 10−5M⊙. With the outer disk being in the field of view of the
AT, it introduces a drop in V2 of about 5% for the smallest spa-
tial frequency in our dataset. Not including the outer disk returns
V2 almost equal to unity at these spatial frequencies.

The only emission feature detected in the Irs spectrum
of TCha is associated with polycyclic aromatic hydrocarbons
(PAHs), at 11.3µm. In an attempt to obtain the most com-
plete description of the entire system, we included the contri-
bution of PAHs in Mcfost. We used optical constant from Li &
Draine (2001), and considered the PAHs to have a single size
of 3.55 × 10−4 µm. Because the emission of the PAHs is non-
thermal, they do not necessarily need to be close to the star to
contribute at 11.3µm, and they were therefore included in the
outer disk. However, the star must contribute in the UV regime
to excite the electronic states of the PAHs (Christophe: what do
the “fUV” and “slope fUV” mean in mcfost ? I used 0.01 and
0.5, are these “conventional” values ?). To reproduce the flux
level of the observed 11.3µm feature, we found a mass fraction
of 0.5% of the total dust mass to be enough.

7. Discussion
Figure 4 shows the best-fit model to the SED of TCha from
optical to mm wavelengths. Upper panels of Figure 5 show the
best-fit model to the Pionier V2 (left) and closure phase (right).
Bottom panels of Figure 5 shows the corresponding Midi corre-
lated fluxes calculated at 9, 10 and 12µm (left) as well as Sam V2

Fig. 4. Best-fitMcfostmodel (in solid red) to the SED of TCha. Dashed
line is the photosphere.

Fig. 6. Color-inverted raytraced image of the best-fit model, in the H-
band, including a self-shadow disk extending up to 3AU. The field of
view is 250× 250mas2.

(right). Table 2 summarizes the disk parameters and dust com-
position used in the best model. Figure 6 shows a color-inverted
raytraced image of the best-fit model in the H-band, with the
addition of a self-shadowed disk, extending to 3AU. The field
of view is 250× 250mas2, meaning the outer disk is not fully
visible in the image.

7.1. Dust mineralogy and grain sizes in the inner disk

Even though significant amount of dust is found to be located
within the first 0.1AU from the star the Irs spectrum of TCha
does not show any emission features associated with silicate
dust grains. TCha is not the only transition disk showing a
lack of emission features in the mid-IR (e.g., HD135344B,
SR 21). In the case of TCha, the maximum temperature reached

•  2013: Olofsson et al. show that the signal can be 
produced by scattering of the outer disk: 

C
lo
su
re
  P
ha

se
	

Hour  Angle	



T  Cha		

02/07/15 IAP Colloquium 9 

•  2015: Cheetham et al. shows that image 
reconstruction favour the disk hypothesis 

L4 A. Cheetham et al.

Table 4. Disc models tested.

Zone Mass Rin Rout (Rc) α (γ ) β H0/R0 Dust type Mass fraction amin amax aexp G/D
(M⊙) (au) (au) (au)/(au) (per cent) (µm) (µm)

Model 1: Best-fitting model from Olofsson et al. (2013) – power-law density profile for outer disc.

Inner disc 2× 10−11 0.07 0.11 −1 1 0.02/0.1 Astrosil 70 5 1000 3.5 100
Carbon 30 0.01 1000 3.5 100

Outer disc 8× 10−5 12 25 −1 1.1 2.1/25 Astrosil 100 0.1 3000 3.5 100

Model 2: Best-fitting model from Huélamo et al. (2015) – outer disc with tapered edge.

Inner disc 2× 10−11 0.07 0.11 −1 1 0.02/0.1 Astrosil 70 5 1000 3.5 100
Carbon 30 0.01 1000 3.5 100

Outer disc 9× 10−5 21.6 50 −0.5 1.0 4.0/50 Astrosil 70 0.01 30 000 3.7 50
Carbon 30 0.01 30 000 3.7 50

3.3 Image reconstruction

To better visualize the physical origin of the closure phase sig-
nal present in the SAM data, image reconstruction was performed
individually on each of the six data sets using the MACIM pack-
age (Ireland, Monnier & Thureau 2008). The reconstructed images
are shown in Fig. 2. The unresolved central star has been sub-
tracted, and image reconstruction performed on the residuals. This
process allows a higher dynamic range reconstruction of fainter
structure, and has been used successfully for other transition discs
(e.g. Kraus & Ireland 2012).

In each of the L′ data sets, the same structure is seen: two sig-
nificant sources located at approximately 90◦ and 310◦ from north,
consistent with the best-fitting parameters from the two-companion
model. A matching pair of sources at the same approximate position
angles are also seen in the two Ks data sets, but at a closer separation
to the host star. The similarity of the image reconstructions over a
3-year observational window confirms the lack of proper motion
previously discussed and lends weight to the disc interpretation.

In the L′ images, a third fainter structure is consistently seen south
of the central star, but much closer to the noise level. Given the low
signal-to-noise, it may be an artefact of the mapping, although if
real its location coincides with the rear face of the inner edge of the
outer disc, making it a plausible candidate for back scattering from
this location.

Figure 2. The result of applying a maximum entropy image reconstruction
algorithm to the SAM data. The same structure of two point sources located
to the north-west and east of the central star appear in all epochs, suggest-
ing that it corresponds to real structure. Angular sizes are converted to au
assuming a distance of 108 pc.

Figure 3. Left: a simulated image from radiative transfer modelling of
T Cha using the Huélamo et al. (2015) parameters in Table 4. Forward
scattered light from the close edge of the disc is the dominant source of
resolved emission. The contribution from the central star has been removed
to highlight the faint disc. The cross indicates the position of the star. Right:
the result of applying image reconstruction to simulated observations of this
image, using the measured uncertainties from the 2013 March L band T
Cha data. This image matches well with the reconstructed images in Fig. 2,
suggesting that they trace the same structure.

A model disc with physical properties matching those in Huélamo
et al. (2015) was input into radiative transfer modelling code, result-
ing in the simulated image shown in the left-hand panel of Fig. 3.
Interestingly, the bright arc corresponding to light forward scattered
at the model disc edge occupies the same region that was seen in
previous sections to host companions in model fits and bright fea-
tures in reconstructed images. However, to casual inspection, there
is still quite some difference between (for example) the recovered
images of Fig. 2 and the radiative transfer model.

In order to demonstrate that such qualitatively different represen-
tations are in accord with each other and both may represent the
same underlying structure, it is important to account for the fact that
the image reconstruction process will introduce artefacts. Closure
phase data are insensitive to symmetric structure, while square vis-
ibilities are insensitive to asymmetric structure. The measurement
error for each of these quantities can tune the amount of symmetric
and asymmetric structure recovered in the reconstructed images.
Furthermore, the highly incomplete coverage, and the mechanisms
to subtract the overwhelmingly bright central star all result in biases
in the final image.

To investigate the effects of the image reconstruction process on
images of circumstellar discs, the expected closure phases generated
by radiative transfer model images was calculated for the exact
observing configuration used at each epoch. Noise consistent with
the measured uncertainties of each data set was also added, and the
same image reconstruction code was run on the resulting simulated
data. An example output simulated map generated by this process
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ALMA  data  (Huelamo  et  al.  2015)	

A&A 575, L5 (2015)

Fig. 1. Integrated emission maps of the CO(3–2), 13CO(3–2), and the CS(7–6) transitions (from left to right). The black contours represent the
continuum emission at 850 µm at 5, 15, 30, 45, 60, 75, 90, and 110σ where 1σ is 0.7 mJy beam−1. We detect two emission bumps separated by
40 AU and an outer dust radius of 79 AU. The white ellipses are the synthesized beams for the spectral emission lines and the green ellipse is the
synthesized beam for the continuum map. The white dashed line in the left panel represents the axis where the position–velocity diagram in Fig. 4
has been obtained.

2. Observations

The observations were performed on 2012 July 01, 26, and
November 03 at Band 7, as part of the ALMA Cycle 0 program
2011.0.00921.S. The field of view was ∼18′′. A total of three
data sets were collected, using between 18 and 23 antennas of
12 m diameter and accounting for 6 h of total integration time
including overheads and calibration. Weather conditions were
good and stable, with an average precipitable water vapor of
0.7 mm. The system temperature varied from 150 to 250 K.

The correlator was set to four spectral windows in dual
polarization mode, centered at 345.796 GHz (CO(3−2)),
342.883 GHz (CS(7−6)), 332.505 GHz (SO2(4(3, 1)–3(2, 2))),
and 330.588 GHz (13CO(3−2)). The effective bandwidth
used was 468.75 MHz, providing a velocity resolution of
∼0.11 km s−1 after Hanning smoothing.

The ALMA calibration includes simultaneous observations
of the 183 GHz water line with water vapor radiometers, which
measure the water column in the antenna beam, later used
to reduce the atmospheric phase noise. Amplitude calibration
was done using Juno and Titan, and quasars J1256−057 and
J1147−6753 were used to calibrate the bandpass and the com-
plex gain fluctuations, respectively. Data reduction was per-
formed using version 4.1 of the Common Astronomy Software
Applications package (CASA). We applied self-calibration us-
ing the continuum and we used the task CLEAN to image
the self-calibrated visibilities. The continuum image was pro-
duced by combining all of the line-free channels using uni-
form weighting (synthesized beam 0.52′′ × 0.34′′, PA ∼ 29◦;
rms = 0.7 mJy beam−1). For the CO(3–2) line we used Briggs
weighting (beam 0.64′′ × 0.48′′, PA ∼ 31◦; rms per chan-
nel = 9 mJy beam−1), and for the rest of the lines we used
natural weighting, providing a synthesized beam ∼0.8′′ × 0.6′′,
PA ∼ 25◦ and an rms per channel of 11 mJy beam−1 for the 13CO
line, and 7 mJy beam−1 for the CS and the SO2 lines.

3. Results and discussion

3.1. Molecular emission line detections

Molecular line emission is detected for the transitions CO(3−2),
13CO(3–2), and CS(7−6). All of them are spatially resolved

for the first time for T Cha. No detection was found for
SO2(4(3, 1)−3(2, 2)), with a 3σ upper limit of 20 mJy.

Figure 1 shows the integrated emission maps of the three
detected molecules while Fig. 2 shows the intensity-weighted
mean velocity maps. The CO(3–2) emission is spatially well
resolved along the major and the minor axes. The integrated
intensity averaged over the whole emission area above 3σ is
12.46 ± 0.11 Jy km s−1, in agreement with the value reported
by Sacco et al. (2014) from the fit with a Keplerian disk model
profile to single-dish observations. Considering contours above
3σ, the outer radius extends to 2.1′′ which, after deconvolu-
tion with the synthesized beam, corresponds to an outer radius
RCO ∼ 230 AU. The inclination (i) and the position angle (PA)
of the gaseous disk have been estimated by fitting a Gaussian
to the CO(3–2) integrated emission map, providing values of
i = 67 ± 5◦ and PA = 113 ± 6◦.

The 13CO(3–2) emission line shows an integrated intensity
of 4.31 ± 0.07 Jy km s−1 (above 3σ contour). The region of
emission is spatially resolved, with a radius R13CO∼ 170 AU after
deconvolution with the synthesized beam.

The radial intensity profiles of the CO(3−2) and 13CO(3−2)
transitions are shown in Fig. 3. They have been computed using
slices along the semi-major axis of the disk (dashed white line
in Fig. 1, left panel) in the gas emission maps. We do not see a
significant difference in the profiles at the two sides of the disk
(NE and SW), which suggests a symmetric distribution of the
gas.

Gas emission from CS(7–6) is also spatially resolved and
shows a deconvolved radius of RCS ∼ 100 AU. The integrated
intensity emission above 3σ is 0.54 ± 0.08 Jy km s−1. To our
knowledge, this is the first time that such a high transition of
the CS molecule has been spatially resolved in a disk around a
late-type star (the first detection in a Herbig star was reported by
van der Plas et al. 2014). Sulfur-bearing molecules (like CS and
SO2) studies are scarce (e.g. Dutrey et al. 2011; Guilloteau et al.
2012), but interesting since this type of molecules are present
in comets (e.g. Hale-Bopp, Ikeda et al. 2002; and Shoemaker-
Levy/9, Matthews et al. 2002) and their presence in the inner
part of the disks offers the possibility of studying the chemical
composition of the planet-forming regions. So far, only a few CS
detections at lower frequency transitions have been reported in

L5, page 2 of 5

K-‐‑band  image  reconstruction  	
from  SAM  data	
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•  Core accretion ? 
 Or 

•  Gravitational instabilities ? 
 Or 

•  A mixture of both ? 
 

Br� detection limits obtained with RDI are also indicated along with 2 Myr stellar
tracks using the BCAH98 model47.

gap-crossing 
streams

Figure 14 Hydrodynamic simulations of the HD 142527 system. Left: Simulation
considering the presence of a second stellar component at 12.5 AU from the cen-
tral star. Right: Simulation that includes two protoplanets driving gap-crossing
accretion flows.

24

ALMA,  Casassus  et  al.  2013	 Simulation  of  accreting  planets	
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Figure 1. Left panel: L′-band UV coverage on HD 142527. The size and colors of the markers are relative to the phase measured. The larger the size, the higher
the value of the phase. The colors denote the sign of the phase (red are negatives values). The plot shows diagonal stripes orthogonal to the direction of the binary
companion (indicated by the arrow). Middle panel: L′-band χ2 surface as a function of R.A. and decl. obtained from the best-fit binary model to the closure phases.
A clear minimum indicates the position of the stellar companion, coherent with the orientation of the stripes in the Fourier domain. The red contours correspond to
3σ and 5σ error bars in the detection. Right panel: L′-band closure phase as a function of parallactic angle for the six largest three-hole triangles. Calibrator data are
represented as colored squares (red HD 142695, green HD 144350, and blue HD 142384), while HD 142527 data are plotted as black squares. The solid line is the
closure phase predicted by the best-fitting binary system model.
(A color version of this figure is available in the online journal.)
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Figure 2. SED for HD 142527 as well as companion fluxes in the same
bandpasses. SED data points are drawn from the photometry of Malfait et al.
(1998).
(A color version of this figure is available in the online journal.)

resolution of the telescope; see left panel of Figure 1). Therefore,
we fitted the closure phases with a model of two point-like
objects (the star and a companion of lesser flux). In all three
bands, the best-fit model to the closure phases shows a point-
like asymmetry at 88 ± 5 mas from the central star with flux
ratios in H,K , and L′ of 0.016 ± 0.007, 0.012 ± 0.008, and
0.0086 ± 0.0011, respectively (3σ errors), relative to the
primary star and disk. The χ2 map of the L′-band data is shown
in the right panel of Figure 1. The fit on several of the 35 closure
phases (triangle) is plotted in Figure 2 (L′-band data).

4. RESULTS

4.1. Photometry

We adopt the HKL magnitudes from Malfait et al. (1998),
since no L-band data are available from the Two Micron All
Sky Survey (2MASS). We note, however, that there is a sig-
nificant divergence between the reported 2MASS photometry
and the Malfait et al. (1998) photometry. The 2MASS photom-
etry is brighter than the Malfait et al. (1998) photometry by

0.1–0.3 mag, which may suggest variability for this system. No
errors are provided for the Malfait et al. (1998) photometry; we
assume error bars are similar to the 2MASS photometry.

Raw photometry for this system is comprised of light from
three components—primary star, secondary companion, and
disk. Some portion of the disk (the “outer disk”) lies outside of
the SAM field of view. From the SED model of Verhoeff et al.
(2011) we estimate that the outer disk comprises ∼10% or less
of the total system flux at HKL′. Thus, we do not correct the raw
photometry to remove the outer disk component. Magnitudes in
H,K , and L′ for the star+disk are presented in Table 1.

The detected companion has flux ratios in H,K , and L′

of 0.016 ± 0.007, 0.012 ± 0.008, and 0.0086 ± 0.0011,
respectively (3σ errors). To account for errors in the initial
photometry as well as our measured SAM flux ratio, we adopt
a Monte Carlo approach. We simulated an ensemble of 106

observations per band, with photometry and flux ratios drawn
from Gaussian distributions centered on the measured values
and with σ drawn from the reported errors. The apparent
magnitude in each band is given as the median of this ensemble,
with error bars drawn from the standard deviation of the same
ensemble. Thus, the measured flux ratios and primary star
photometry correspond to apparent magnitudes of 10.5 ± 0.2,
10.0 ± 0.3, and 9.1 ± 0.1 in H,K , and L′ (Table 1, in
CIT bandpasses; Elias et al. 1982). The companion appears
anomalously bright in L′. While the H − K colors are similar to
what would be expected for a young red companion, K − L′

∼0.9 mag, diverging significantly from the expected value of
∼0.4 mag (Baraffe et al. 1998). Companion fluxes in these
bandpasses, along with the full SED for the system are plotted
in Figure 2.

We employed a similar Monte Carlo approach in converting
from apparent to absolute magnitudes. For our ensemble of 106

simulated objects, we simulate corresponding distances drawn
from a Gaussian centered at 145 pc and with σ of 15 pc. Absolute
magnitudes are also reported in Table 1.

4.2. Probability of Chance Alignment

We estimated the likelihood that this companion is an un-
related background or foreground object using source counts

3
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Figure 1. Left panel: L′-band UV coverage on HD 142527. The size and colors of the markers are relative to the phase measured. The larger the size, the higher
the value of the phase. The colors denote the sign of the phase (red are negatives values). The plot shows diagonal stripes orthogonal to the direction of the binary
companion (indicated by the arrow). Middle panel: L′-band χ2 surface as a function of R.A. and decl. obtained from the best-fit binary model to the closure phases.
A clear minimum indicates the position of the stellar companion, coherent with the orientation of the stripes in the Fourier domain. The red contours correspond to
3σ and 5σ error bars in the detection. Right panel: L′-band closure phase as a function of parallactic angle for the six largest three-hole triangles. Calibrator data are
represented as colored squares (red HD 142695, green HD 144350, and blue HD 142384), while HD 142527 data are plotted as black squares. The solid line is the
closure phase predicted by the best-fitting binary system model.
(A color version of this figure is available in the online journal.)
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Figure 2. SED for HD 142527 as well as companion fluxes in the same
bandpasses. SED data points are drawn from the photometry of Malfait et al.
(1998).
(A color version of this figure is available in the online journal.)

resolution of the telescope; see left panel of Figure 1). Therefore,
we fitted the closure phases with a model of two point-like
objects (the star and a companion of lesser flux). In all three
bands, the best-fit model to the closure phases shows a point-
like asymmetry at 88 ± 5 mas from the central star with flux
ratios in H,K , and L′ of 0.016 ± 0.007, 0.012 ± 0.008, and
0.0086 ± 0.0011, respectively (3σ errors), relative to the
primary star and disk. The χ2 map of the L′-band data is shown
in the right panel of Figure 1. The fit on several of the 35 closure
phases (triangle) is plotted in Figure 2 (L′-band data).

4. RESULTS

4.1. Photometry

We adopt the HKL magnitudes from Malfait et al. (1998),
since no L-band data are available from the Two Micron All
Sky Survey (2MASS). We note, however, that there is a sig-
nificant divergence between the reported 2MASS photometry
and the Malfait et al. (1998) photometry. The 2MASS photom-
etry is brighter than the Malfait et al. (1998) photometry by

0.1–0.3 mag, which may suggest variability for this system. No
errors are provided for the Malfait et al. (1998) photometry; we
assume error bars are similar to the 2MASS photometry.

Raw photometry for this system is comprised of light from
three components—primary star, secondary companion, and
disk. Some portion of the disk (the “outer disk”) lies outside of
the SAM field of view. From the SED model of Verhoeff et al.
(2011) we estimate that the outer disk comprises ∼10% or less
of the total system flux at HKL′. Thus, we do not correct the raw
photometry to remove the outer disk component. Magnitudes in
H,K , and L′ for the star+disk are presented in Table 1.

The detected companion has flux ratios in H,K , and L′

of 0.016 ± 0.007, 0.012 ± 0.008, and 0.0086 ± 0.0011,
respectively (3σ errors). To account for errors in the initial
photometry as well as our measured SAM flux ratio, we adopt
a Monte Carlo approach. We simulated an ensemble of 106

observations per band, with photometry and flux ratios drawn
from Gaussian distributions centered on the measured values
and with σ drawn from the reported errors. The apparent
magnitude in each band is given as the median of this ensemble,
with error bars drawn from the standard deviation of the same
ensemble. Thus, the measured flux ratios and primary star
photometry correspond to apparent magnitudes of 10.5 ± 0.2,
10.0 ± 0.3, and 9.1 ± 0.1 in H,K , and L′ (Table 1, in
CIT bandpasses; Elias et al. 1982). The companion appears
anomalously bright in L′. While the H − K colors are similar to
what would be expected for a young red companion, K − L′

∼0.9 mag, diverging significantly from the expected value of
∼0.4 mag (Baraffe et al. 1998). Companion fluxes in these
bandpasses, along with the full SED for the system are plotted
in Figure 2.

We employed a similar Monte Carlo approach in converting
from apparent to absolute magnitudes. For our ensemble of 106

simulated objects, we simulate corresponding distances drawn
from a Gaussian centered at 145 pc and with σ of 15 pc. Absolute
magnitudes are also reported in Table 1.

4.2. Probability of Chance Alignment

We estimated the likelihood that this companion is an un-
related background or foreground object using source counts

3
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Fig. 8.— Comparison of observed and model CO(6-5) kinematics in the central regions of

HD 142527. The origin of coordinates is set to the stellar position. The velocity-integrated

intensity in CO(6-5) is shown in grey scale. The colored contours are uniformly spread over

the velocity range and match the color scale of Fig. 1. a): Observed moment maps extracted

on the MEM datacubes. b): moments extracted on the radiative transfer prediction, after

smoothing to the resolution of the MEM datacubes. c): same as b) but in native model

resolutions, without smoothing. d): same as b) but with a velocity component perpendicular

to the disk plane (called vwarp in the text).

HD142527,  ALMA  data,  2012	

HD142527,  ALMA  data,  2014	
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Fig. 8.— Comparison of observed and model CO(6-5) kinematics in the central regions of

HD 142527. The origin of coordinates is set to the stellar position. The velocity-integrated

intensity in CO(6-5) is shown in grey scale. The colored contours are uniformly spread over

the velocity range and match the color scale of Fig. 1. a): Observed moment maps extracted

on the MEM datacubes. b): moments extracted on the radiative transfer prediction, after

smoothing to the resolution of the MEM datacubes. c): same as b) but in native model

resolutions, without smoothing. d): same as b) but with a velocity component perpendicular

to the disk plane (called vwarp in the text).

Inclination  of  inner  disk  47°  and  PA  of  -‐‑8°	
(Casassus  et  al.  2015)	
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Fig. 8.— Comparison of observed and model CO(6-5) kinematics in the central regions of

HD 142527. The origin of coordinates is set to the stellar position. The velocity-integrated

intensity in CO(6-5) is shown in grey scale. The colored contours are uniformly spread over

the velocity range and match the color scale of Fig. 1. a): Observed moment maps extracted

on the MEM datacubes. b): moments extracted on the radiative transfer prediction, after

smoothing to the resolution of the MEM datacubes. c): same as b) but in native model

resolutions, without smoothing. d): same as b) but with a velocity component perpendicular

to the disk plane (called vwarp in the text).

Age:  2-‐‑5Myr	
Temp:  3000K	

Radius:  1.2  Rsun	
Accretion:  1.7Msun/yr	

-‐‑-‐‑-‐‑-‐‑-‐‑-‐‑	
in  agreement  with  a  M=0.13  Msun  

from  evolutionary  models  (Baraffe  et  
al.  1998)	



Conclusion	
•  Aperture Masking is remarkable to probe the 1-10AU 

zone for planet formation 
•  It will give you the little “+” in terms of dynamic range at 

small IWA compared to full pupil AO 

•  The motions observed by aperture masking is 
complementary to the dynamic observed by ALMA at 
longer wavelength 

 
•  It is available on NACO, GPI 
•  It is under commissioning for VISIR, SPHERE 
•  It will be available on the E-ELT, JWST  
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