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(Pre-ALMA) Observations of Transition Disks with SMA 
(PPVI Chapter by Espaillat et al.)

PPVI (2013) vs PPVII (2021)
mm-Observations
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PPVI (2013) vs
PPVII (2021)

mm-Observations

ALMA Observations of TDs
Cycle 0- Cycle 3
Pinilla et al. (2018)
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PPVI (2013) vs
PPVII (2021)

mm-Observations

ALMA Observations of TDs
Cycle 3- Today
Credit Image: N. van der Marel
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(Pre-SPHERE) Observations of Transition Disks with SUBARU & NACO 
(PPVI Chapter by Espaillat et al.)

PPVI (2013) vs PPVII (2021)
Scattered-light Observations
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6SPHERE (VLT) Observations of protoplanetary disks, Garufi et al. (2017)

PPVI (2013) vs PPVII (2021)
Scattered-light Observations



Re-thinking the Classification of TDs
for PPVII?

Espaillat et al. (2014)

SED of a “typical” TD

"The unusual SEDs of transitional disks 
(which feature infrared excess deficits) 
may indicate that they have developed
significant radial structure."
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Re-thinking the Classification of TDs
for PPVII?

As tests, we randomly chose three targets of our sample
(J15583692, DoAr 44, and SR 21) and perform the fit of the
visibilities leaving the inclination, PA, and center as free
parameters, and using the publicly available code GALARIO
(Tazzari et al. 2018). These tests gave similar results in all three

cases, providing confidence about the accuracy of our
procedure. The radial grid in the model for the MCMC fit is
taken linear, specifically Î [ – ]r 0 500 au with steps of 0.5 au,
which is much lower than the observation’s synthesized beam.
In most of the cases, the autocorrelation time of the MCMC fit

Figure 1. ALMA dust continuum maps of the TDs considered in this work (Table 1). Contour lines at 20%, 40%, 60%, 80%, and 100% value of the peak of emission
of each target are over-plotted. The beam is shown for each case in the lower left part of each panel.
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Several other disks: Sz118 (Andell et 
al. 2016), CIDA 1 (Pinilla et al., 2018b), 
IPTau, CIDA 9 (Long et al., 2018)

M. Langlois et al.: Transition disk around the T Tauri star RY Lupi

Fig. 12. Synthetic SED from our radiative transfer model compared
with direct measurements obtained with SPHERE IRDIS and IFS in
violet, VLTI/PIONIER (Anthonioz et al. 2015), 2MASS, IRAS, WISE,
and AKARI2 and ALMA (Ansdell et al. 2016) in grey.

close to the star. In general, the inner radius regulates the maxi-
mum temperature of the dust grains at the inner rim. For larger
Rin the luminosity excess shifts from the NIR to the MIR (see e.g.
Woitke et al. 2016). Exploring a larger grid of dust and disk struc-
ture parameters is beyond the scope of the paper as we did not
attempt to do a detailed fit of the SED. The photometric point in
the mm regime is nicely reproduced with our simulated flux. Due
to the absence of additional photometric points in the (sub-)mm,
the mm slope fit cannot be evaluated. For example, the dust size
distribution power-law index (typical value of 3.5 in our case for
both populations) changes, in particular, the mm and cm slopes.
Although our current model indicates a good disk mass estimate,
this situation might change when additional dust is included in
the inner disk regions in order to fit the NIR/MIR fluxes. The
underestimate of this emission could result in a slight error in
dust temperature and requires a higher disk mass. This is cer-
tainly compatible with the disk mass estimate from Ansdell et al.
(2016) as this value only gives a lower limit.

6. Conclusions

We observed the large circumstellar disk around RY Lup with
SPHERE/IRDIS in scattered light with high angular resolu-
tion using polarimetric and angular differential imaging and
uncovered directly for the first time an inclined disk with spi-
rals. The disk position angle is 107 degrees and its inclination
is 70 degrees. Our observations show the complementarity
between polarimetric and angular differential imaging. Polari-
metric observations allow the study of the disk without the
self-subtraction effects inherent to ADI-processed data, while
the ADI observations provide deeper detection limits further
away from the star, enabling us to study the disk and search
for exoplanets. We also retrieved a high signal-to-noise ratio
spectrum for the disk using the IFS. The disk colour is grey,
which is an indication that dust grains larger than the wavelength
dominate the scattering opacity in the disk surface.

We have studied the morphology and surface brightness of
the disk and formulated a hypothesis on the origin of the spiral
arms. An explanation for the spiral arms could not be uniquely

2 VizieR online catalogue collection; http://vizier.u-strasbg.
fr/vizier/sed/

determined due to the high inclination of the disk. Our numerical
model shows that the spiral arms could be explained by one low-
mass planet (2 Mjup) located at 190 au orbiting exterior to the
spiral arms. Although this model describes the formation of spi-
ral arms qualitatively similar to the features in the NIR scattered
light observations of RY Lup, it is only a suggested configuration
for the system, and not a best-fitting model. However, given the
high inclination of the disk it is unlikely that the planet’s thermal
radiation is directly detectable. While spirals can be excited by
the tidal interaction with the companion, they can also be trig-
gered by the close proximity of shadows in the disk as discussed
in Montesinos et al. (2016), Benisty et al. (2017). Also, we cannot
exclude that the 0.800 diameter gap detected in sub-mm contin-
uum emission could host additional massive planets that could
play a role in the disk morphology. The innermost gap discovered
in the ALMA observation cannot be detected in scattered light
due to the high inclination of the disk. The scattered light flux
shows a small profile asymmetry which does not coincide with
the symmetry of the sub-mm continuum emission. This is likely
the result of surface density perturbation related to the presence
of the spiral arms and could be strongly related to the viewing
orientation.

Our observations are compatible with the hypothesis made
by Manset et al. (2009) of photometric and polarimetric vari-
ations created by an almost edge-on circumstellar disk that is
warped (or inclined) close to the star where it interacts with the
star magnetosphere. This configuration could lead to a partial
shadowing of the outer disk and a brightness asymmetry that can
remain undetected due to the high inclination of the disk. We also
performed a detailed radiative transfer study, which reproduce
well our scattered light observations. The planet–disk interaction
scenario is in agreement with the ALMA high-resolution dust
continuum image being truncated at ⇠120 au. This modelling
effort cannot fully constrain all the parameters in this case, but
helps to understand the disk structure and distribution of small
grains in particular.
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RYLup SED: looks like a full disk



Re-thinking the Classification of TDs?

"These disks were in transition
from objects with optically thick
disks that extend inward to the

stellar surface (i.e., Class II 
objects) to objects where the disk

has dissipated (i.e., Class III 
objects)"

Espaillat et al. (2014)



Re-thinking the Classification of TDs?

"These disks were in transition
from objects with optically thick
disks that extend inward to the

stellar surface (i.e., Class II 
objects) to objects where the disk

has dissipated (i.e., Class III 
objects)"

WL 17 is a protostar younger than 
0.5Myr years and still embedded. It 

hosts a “transition disk” with a 12au hole

Sheehan & Eisner (2017)

Espaillat et al. (2014)



TDs: "inner disk regions have
undergone substantial clearing"  

(contrary to sub-structured disks)
)
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• Zonal flows
Johansen et al. (2009), Uribe et al. (2011), Dittrich et al. (2013), Simon & Armitage (2014)

• Radial gradient of disk viscosity
Regaly et al. (2012), Flock et al. (2015, 2017), Pinilla et al. (2016)

• Self-induced dust traps
Gonzalez et al. (2017) 

• Secular gravitational instability
Youdin (2011), Takahashi & Inutsuka (2014)

• Particle growth by condensation near ice lines
Saito & Sirono (2011), Ros & Johansen (2013), Stammler et al. (2017) 

• Magnetic disk winds
Suriano et al. (2017, 2018, 2019)

Origins: Rings and Gaps
(an unwanted truth?)
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•Sintering of dust particles
Okuzumi et al. (2016)

• Planet-disk interaction
Rice et al. (2006), Zhu et al. (2011), Gonzales et al. (2012), Pinilla et al. (2012), Dipierro et al. 
(2016), Rosotti et al. (2016), Dong & Fung (2016), Bae et al. (2017), Isella & Turner (2016) and
many others
• Photoelectric instability
Kuchner et al. (2018) 
• Baroclinic instability & dust settling
Loren-Aguilar & Bate (2015)
• Viscous ring instability driven by dust
Dullemond & Penzlin (2018) 

Origins: Rings and Gaps
(an unwanted truth?)



Origins: Big Cavities (TDs) 

!"#$%&'()#"*(Dead zone in protoplanetary discs

3 non ideal effects enter the scene 

Ohmic diffusion (collisions between electrons and neutrals) 

Ambipolar Diffusion (collisions between ions and neutrals) 

Hall Effect (drift between electrons and ions) 

Amplitude of these effects depends strongly on location & composition
5

~1AU ~30AU

Thermal 
ionisation

X-rays 
Far-UV

«Dead zone»

Cosmic rays

high 
accretion

low 
accretion

Pressure 
Bump!

Dead Zones Planets



Dead Zones
Size of the cavities is similar at short and 

long wavelengths.

Planets
Size of the cavities is smaller at short 

than at long wavelengths.

Pinilla et al. (2016b) Pinilla et al. (2012b)

t = 1 Myr t = 1 Myr
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Dead Zones vs. Planets: very different dust 
distribution 



Dead Zones vs. Planets: how do we distinguish?

Dead Zones
Size of the cavities is similar at short and 

long wavelengths.

Planets
Size of the cavities is smaller at short 

than at long wavelengths.

H-band (1.6 μm) 0.87 mm

de Juan Ovelar (2013, 2016)
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Dead Zones vs. Planets: how do we distinguish?

Villenave et al. (2019)

In a sample of 22 transition disks imaged 
with both ALMA and SPHERE

Dead zones

18
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now more uniform across all stellar types, 
with discs around T Tauri stars like 
LkCa 15 (Thalmann et al., 2016) being as 
well characterised as the most imaged 
Herbig Ae/Be systems, like HD 100546 
(Garufi et al., 2016).

The clearest finding from an inspection  
of the available sample is that all discs 
show morphological features. In the 
majority of sources, either concentric 
rings (HD 97048, Ginski et al., 2016; 
TW Hya, van Boekel et al., 2017) or spiral 
arms (MWC 758, Benisty et al., 2015; 
HD 135344B, Stolker et al., 2016a) are 
revealed. Some discs, predominantly 
those with spirals, also show radially 
extended dips that can be interpreted as 
shadows cast by a misaligned disc at  
a few au from the central star (Benisty et 
al., 2017; Avenhaus et al., 2017).

The interpretation of features from 
inclined discs is less immediate because 
of the degeneracy between scattering 
phase function, disc geometry and illu-
mination effects in these sources. This 
analysis is nonetheless pivotal to constrain 
the composition of dust grains (Stolker  
et al., 2016b; Pohl et al., 2017) and the 
geometry of the disc surface (de Boer et 
al., 2016), both of which are necessary to 
understand planet formation.

Comparison with ALMA images

PDI images are sensitive to micron-sized 
dust grains at the disc surface. These 
grains are very well coupled to the gas 
under typical disc conditions. On the 
other hand, images at (sub-)millimetre 
wavelengths trace larger grains within the 
disc. Comparing SPHERE and Atacama 
Large Millimeter/Submillimeter Array 
(ALMA) images with comparable angular 
resolution can potentially reveal the differ-
ent morphologies of different disc com-
ponents. In fact, many disc processes 
(for example, grain growth or dust filtra-
tion) are expected to differentiate the dis-
tribution of gas and large grains through-
out disc evolution, leaving their imprint on  

the disc structure. This is illustrated in 
Figure 3 for two prototypical examples 
from PDI, one showing concentric rings 
(TW Hya) and another showing spiral 
arms (HD 135344B).

Similarly to the PDI data, the ALMA 
images of TW Hya show a number of 
rings and gaps (Andrews et al., 2016). 
Van Boekel et al. (2017) performed a 
detailed comparison of the radial profiles 
of these two datasets, highlighting both 
similarities and profound differences.  
The entire detectable signal from ALMA  
is located within the second bright ring 
from PDI at approximately 60 au. The  
two main millimetre dips seen in both the 
image and the radial profile in Figure 3 
have analogous dips in PDI at 25 au and 
at 40 au. Similar considerations apply  
to some rings. In general, large-scale 
structures have a stronger contrast in 
SPHERE data, whereas narrow features 
appear more profound with ALMA. There 
is no general consensus regarding the 
origin of these rings, with both planet- 
disc interactions and dust accumulation 
in correspondence with ice lines being 
the most promising explanations.

Astronomical Science

Early stellar type

Late stellar type

HD 100546 

HD 142527 RX J1615-3255 LkCa15 TW Hya 

MWC 758 HD 97048 HD 100453 HD 135344B 

T Cha 

50 au20 au20 au

20 au 20 au20 au 20 au50 au

20 au 50 au

T Tau stars

Herbig Ae/Be stars F stars

Figure 2. Collection of images of protoplanetary 
discs observed in PDI with SPHERE. References to 
the images are: HD 100546, Garufi et al. (2016); 
HD 97048, Ginski et al. (2016); MWC 758, Benisty  
et al. (2015); HD 100453, Benisty et al. (2017); 
HD 135344B, Stolker et al. (2106); HD 145527, 
 Avenhaus et al. (2017); T Cha, Pohl et al. (2017); RX 
J1615-3255, de Boer et al. (2016); LkCa 15, Thal-
mann et al. (2016); TW Hya, van Boekel et al. (2017). 

Garufi A. et al., Three Years of SPHERE

In case we don't have scattered-
light observations

20



Dead Zones 
vs. Planet(s)
By Looking 
at Longer 

Wavelengths

9

Figure 5. Top panels: dust density distribution for di↵erent grain sizes as a function of radius and 1Myr of evolution when
a 1MJup is embedded at 20 au distance from the star (left), and the corresponding normalized intensity profiles at 0.45mm,
1.3mm, and 2.75mm after convolving with a Gaussian of 11 au width (right). Bottom panels: as top panels but for the case of
a dead zone that is extended up to 20 au. The details of both models are in Pinilla et al. (2012, 2015, 2016a)

liked structure when observed at millimeter-wavelengths
(de Juan Ovelar et al. 2016; Bae et al. 2018). The inten-
sity profiles at 0.45mm, 1.3mm and 2.75mm are in the
planet case very similar after convolving with a Gaus-
sian of 11 au radial width. In this case the ring-like
structure is slightly asymmetric in the radial direction
and it has a larger outer width compare to the inner
width. By fitting a radially asymmetric Gaussian to
these profiles (Eq. 1), the ratio of the external to the
internal width is ⇠ 1.4, similar to the averaged value
from our current observations of SR 24S (Table 1). The
main di↵erence between the predictions of these models
and our observations is that in the observations there
is a shift of the peak of emission. While the emission
at 1.3mm and 2.75mm peaks almost at the same lo-

cation (Fig. 4), the emission at 0.45mm peaks slightly
inwards, but this shift is limited by the current data
resolution. This shift may result from optically thick
emission at 0.45mm, which may trace not only varia-
tions of the dust distribution, but also of temperature
(Pinilla et al. 2017).
The predictions for dust cavity formation by a dead

zone are di↵erent from our observations. In this sce-
nario, the particles grow to larger sizes inside the dead
zone where the disk turbulence is lower and the frag-
mentation of particles decreases. As a result, the largest
particles accumulate closer to the star and the peak of
the dust density distribution move inwards for larger
grains. This shift would be detectable even at the cur-
rent resolution of our observations. Note that any pres-

Pinilla et al. (2019)
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Current 
observations of 

this TD favor 
the planet 
scenario 
Pinilla et al. (2019)

SR24S
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No Correlations Between the Cavity 
Size and the Stellar/Disk (dust) Mass

Cavities formed by dead zones or giant planets are expected to be larger 
around more massive stars and in more massive disks
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No Correlations Between the Cavity 
Size and the Stellar/Disk (dust) Mass

Cavities formed by dead zones or giant planets are expected to be larger 
around more massive stars and in more massive disks

Is the lack of correlations because all these TDs are in 
different star forming regions and have different ages?

The lack of correlation with Mdust may due to optical depth 
effects



Correlations Between the Cavity Size and the 
Stellar Mass for the TDs in Lupus?

Dedicated ALMA Proposal on TDs is needed !



Similar Analysis with the Rings and 
Gaps Observed in Taurus 

Long et al. (2018)



Correlations Are Found for Rings 
and Gaps in Taurus 

Lodato et al. (2019)
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Blue points from Bae et al. (2018)
Red Points from Taurus Long et al. (2018)

The black lines show the 
minimum gap opening planet 
mass (Lambrechts et al. 2014; 
Rosotti et al. 2016; Dipierro & 
Laibe 2017) at 16 au and at 
165 au. Planets inferred from 
currently known gaps do lie 
above the expected threshold. 



Correlations Are Found for Rings 
and Gaps in Taurus 
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0.001
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There could be a correlation 
between planet mass and 
disk mass, as inferred from 
the disk mm flux, supporting 
the notion that more massive 
disks tend to produce more 
massive planets. 

Note: The emission of these disks is 
more optically thin than the sample of 
TDs in Pinilla et al. (2018a)

Lodato et al. (2019)
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Future Perspectives
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Mdust from ALMA Surveys 
TDs and disks with 

substructures remain 
massive independent of 

the stellar mass.

Trapping (connetion with 
exoplanets stadistics)

(Pinilla, Pascucci & Marino,
in prep)
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Mdust from ALMA Surveys 

No planet 
formation or the

formation of
sub-Neptunes, 
which are more
frequent around
low mass stars

(No/Weak
Traps)

Giant planet
formation

(Strong Traps)



Learning from  TDs around Very Low 
Mass (VLM) Stars

ALMA data coming to hunt 
for TDs around VLMs. The 
selection of the targets are 
based on CIDA 1

Parameter Space to Explore

ag
e
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CIDA 1

Pinilla et al. (2018)



CIDA 1 is the lowest mass star with a resolved 
large dust cavity (20au) so far

Pinilla et al. (2018b)Pinilla et al. (2018b)

ALMA Observations of CIDA 1 at 
887μm

Resolution: 0.21’’ x 0.12’’ 
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M★=0.1 Msun
L★=0.08 Lsun



Origin of the Cavity in CIDA 1

Pinilla et al. (2018b)

34

Accretion rate of CIDA 1 
is 4 x10-9 Msun/year

Photoevaporation

Dead Zone

Planet-Disk Interaction

High accretion rate and large 
cavity size are not expected 

from photoevaporation



Pinilla et al. (2018b)
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Photoevaporation

Dead Zone

Planet-Disk Interaction

A dead zone in a low mass disk like 
CIDA1 is not expected to be more 
than 5au (maybe 10 au) extended 

Origin of the Cavity in CIDA 1



Pinilla et al. (2018b)
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Photoevaportaion

Dead Zone

Planet-Disk Interaction

Assuming g/d ratio of 100, 
disk mass is ~10-18 MSaturn

Origin of the Cavity in CIDA 1

The minimum mass planet to open a 
gap in a disk like CIDA 1 corresponds 

to one Saturn mass planet when 
⍺=10-4  

?
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Incoming ALMA Observations of Disks around 
Very Low Mass Stars (VLMS)

4/5 disks have been observed at short/ 
long baselines. Only short baselines have

been delivered



• Our view of PPD has changed with ALMA & SPHERE: PPVI vs PVII

38

Conclusions

• Different origins for rings and gaps. 
Few origins for big cavities: Planet(s) vs. DZ. 

•We can distinguish between Planet(s) or DZ: SPHERE vs. ALMA or sub-
mm/mm wavelengths comparison

• TDs: No correlations between cavity size and Mstar or Mdisk.
Correlations are found for disks with substructures in Taurus
•More observations of TDs are needed. More observations of disks 

around VLM stars are coming.
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now more uniform across all stellar types, 
with discs around T Tauri stars like 
LkCa 15 (Thalmann et al., 2016) being as 
well characterised as the most imaged 
Herbig Ae/Be systems, like HD 100546 
(Garufi et al., 2016).

The clearest finding from an inspection  
of the available sample is that all discs 
show morphological features. In the 
majority of sources, either concentric 
rings (HD 97048, Ginski et al., 2016; 
TW Hya, van Boekel et al., 2017) or spiral 
arms (MWC 758, Benisty et al., 2015; 
HD 135344B, Stolker et al., 2016a) are 
revealed. Some discs, predominantly 
those with spirals, also show radially 
extended dips that can be interpreted as 
shadows cast by a misaligned disc at  
a few au from the central star (Benisty et 
al., 2017; Avenhaus et al., 2017).

The interpretation of features from 
inclined discs is less immediate because 
of the degeneracy between scattering 
phase function, disc geometry and illu-
mination effects in these sources. This 
analysis is nonetheless pivotal to constrain 
the composition of dust grains (Stolker  
et al., 2016b; Pohl et al., 2017) and the 
geometry of the disc surface (de Boer et 
al., 2016), both of which are necessary to 
understand planet formation.

Comparison with ALMA images

PDI images are sensitive to micron-sized 
dust grains at the disc surface. These 
grains are very well coupled to the gas 
under typical disc conditions. On the 
other hand, images at (sub-)millimetre 
wavelengths trace larger grains within the 
disc. Comparing SPHERE and Atacama 
Large Millimeter/Submillimeter Array 
(ALMA) images with comparable angular 
resolution can potentially reveal the differ-
ent morphologies of different disc com-
ponents. In fact, many disc processes 
(for example, grain growth or dust filtra-
tion) are expected to differentiate the dis-
tribution of gas and large grains through-
out disc evolution, leaving their imprint on  

the disc structure. This is illustrated in 
Figure 3 for two prototypical examples 
from PDI, one showing concentric rings 
(TW Hya) and another showing spiral 
arms (HD 135344B).

Similarly to the PDI data, the ALMA 
images of TW Hya show a number of 
rings and gaps (Andrews et al., 2016). 
Van Boekel et al. (2017) performed a 
detailed comparison of the radial profiles 
of these two datasets, highlighting both 
similarities and profound differences.  
The entire detectable signal from ALMA  
is located within the second bright ring 
from PDI at approximately 60 au. The  
two main millimetre dips seen in both the 
image and the radial profile in Figure 3 
have analogous dips in PDI at 25 au and 
at 40 au. Similar considerations apply  
to some rings. In general, large-scale 
structures have a stronger contrast in 
SPHERE data, whereas narrow features 
appear more profound with ALMA. There 
is no general consensus regarding the 
origin of these rings, with both planet- 
disc interactions and dust accumulation 
in correspondence with ice lines being 
the most promising explanations.

Astronomical Science

Early stellar type

Late stellar type

HD 100546 

HD 142527 RX J1615-3255 LkCa15 TW Hya 

MWC 758 HD 97048 HD 100453 HD 135344B 

T Cha 

50 au20 au20 au

20 au 20 au20 au 20 au50 au

20 au 50 au

T Tau stars

Herbig Ae/Be stars F stars

Figure 2. Collection of images of protoplanetary 
discs observed in PDI with SPHERE. References to 
the images are: HD 100546, Garufi et al. (2016); 
HD 97048, Ginski et al. (2016); MWC 758, Benisty  
et al. (2015); HD 100453, Benisty et al. (2017); 
HD 135344B, Stolker et al. (2106); HD 145527, 
 Avenhaus et al. (2017); T Cha, Pohl et al. (2017); RX 
J1615-3255, de Boer et al. (2016); LkCa 15, Thal-
mann et al. (2016); TW Hya, van Boekel et al. (2017). 

Garufi A. et al., Three Years of SPHERE

Thank you for your attention 
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The combination of a dead zone 
and a MHD wind can produce 

segregation as in the case of planets 

Pinilla et al. (2016)

A&A 596, A81 (2016)

Fig. 6. Evolution of the dust surface density distribution of a single grain size (1 µm and 1 mm) assuming a dead zone and an MHD wind in the
disk (model VIII). In this model all the particles are assumed to have a single size and only the transport is considered for the evolution.

Fig. 7. Synthetic images at 0.65 µm (polarised intensity) and at 850 µm obtained after radiative transfer calculations, before and after instrument
simulations (SPHERE/ZIMPOL and ALMA), using the dust density distributions obtained from model V (Fig. 4, dead zone alone) at di↵erent
times of evolution. Circles at 20 au (assuming 140 pc distance) is also shown for reference. The star is not suppressed for the scattered optical light
images.

an antenna configuration that allows a final resolution of 0.0500.
We assumed an hour for the total observing time. At R band
(0.65 µm) we used the SPHERE simulator (Thalmann et al.
2008), which includes realistic resolution, sensitivity, flux loss,
etc. For more details of similar observational simulations, we re-
fer to de Juan Ovelar et al. (2013).

Figure 7 shows the synthetic images before and after instru-
ment simulations, for the polarised emission at 0.65 µm and the
thermal emission at 850 µm. For the case of a dead zone alone,
we show three di↵erent times of evolution ([0.1, 0.5, 1] Myr) ob-
tained after the radiative transfer calculations, for which the dust
density distributions from model V (Fig. 4) are assumed. These
images show that at early times of evolution (0.1 Myr) a ring-like
emission at 0.65 µm exists at around ⇠20 au and a gap of sim-
ilar size is formed at millimetre-emission, where the gas bump
is located (Fig. 1). As a result of the e↵ective growth at those
locations, the small particles (all grains with a . 100 µm) are

depleted, forming a gap (Fig. 4), and therefore the ring at the
0.65 µm-polarimetric images that exists at 0.1 Myr vanishes at
longer times of evolution (i.e. 0.5 and 1 Myr). Instead, a nar-
rower and very faint ring remains farther out at ⇠30 au, where
the outer edge of the gap in small grains is located. This is also
the location where the disk scale height is expected to become
higher since here ↵(r, t) increases (Fig. 1), and the small grains
can be vertically distributed by higher turbulence (in contrast to
the dead zone, where the disk is expected to be flatter). A simi-
lar result of a directly irradiated dust wall at the outer dead-zone
edge was found by Hasegawa & Pudritz (2010). However, these
rings at 0.65 µm smear out after the instrument simulation where
only the stellar emission is significant (see SPHERE/ZIMPOL
image in Fig. 7 at 0.5 and 1 Myr of evolution).

In this case, the ring at millimetre-emission becomes nar-
rower because of radial drift towards the pressure maximum, but
it also becomes fainter because of the e↵ective growth to larger
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simulations (SPHERE/ZIMPOL and ALMA), using the dust density distributions obtained from model V (Fig. 4, dead zone alone) at di↵erent
times of evolution. Circles at 20 au (assuming 140 pc distance) is also shown for reference. The star is not suppressed for the scattered optical light
images.
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thermal emission at 850 µm. For the case of a dead zone alone,
we show three di↵erent times of evolution ([0.1, 0.5, 1] Myr) ob-
tained after the radiative transfer calculations, for which the dust
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an antenna configuration that allows a final resolution of 0.0500.
We assumed an hour for the total observing time. At R band
(0.65 µm) we used the SPHERE simulator (Thalmann et al.
2008), which includes realistic resolution, sensitivity, flux loss,
etc. For more details of similar observational simulations, we re-
fer to de Juan Ovelar et al. (2013).

Figure 7 shows the synthetic images before and after instru-
ment simulations, for the polarised emission at 0.65 µm and the
thermal emission at 850 µm. For the case of a dead zone alone,
we show three di↵erent times of evolution ([0.1, 0.5, 1] Myr) ob-
tained after the radiative transfer calculations, for which the dust
density distributions from model V (Fig. 4) are assumed. These
images show that at early times of evolution (0.1 Myr) a ring-like
emission at 0.65 µm exists at around ⇠20 au and a gap of sim-
ilar size is formed at millimetre-emission, where the gas bump
is located (Fig. 1). As a result of the e↵ective growth at those
locations, the small particles (all grains with a . 100 µm) are

depleted, forming a gap (Fig. 4), and therefore the ring at the
0.65 µm-polarimetric images that exists at 0.1 Myr vanishes at
longer times of evolution (i.e. 0.5 and 1 Myr). Instead, a nar-
rower and very faint ring remains farther out at ⇠30 au, where
the outer edge of the gap in small grains is located. This is also
the location where the disk scale height is expected to become
higher since here ↵(r, t) increases (Fig. 1), and the small grains
can be vertically distributed by higher turbulence (in contrast to
the dead zone, where the disk is expected to be flatter). A simi-
lar result of a directly irradiated dust wall at the outer dead-zone
edge was found by Hasegawa & Pudritz (2010). However, these
rings at 0.65 µm smear out after the instrument simulation where
only the stellar emission is significant (see SPHERE/ZIMPOL
image in Fig. 7 at 0.5 and 1 Myr of evolution).

In this case, the ring at millimetre-emission becomes nar-
rower because of radial drift towards the pressure maximum, but
it also becomes fainter because of the e↵ective growth to larger
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MHD wind 
and DZ

Dead Zones vs. Planets: distinguishing may not 
be so easy?

After all, we have only
discovered one planet in 

all the TDs


