Protoplanetary disks with JWST

Olivier Berné (IRAP, CNRS and Univ. Toulouse)
SF2A 2015 / Toulouse / Jun 3 2015

How is this presentation biased ?

There will be a lot of ALMA/NOEMA vs JWST
(see also general discussion in the ALMA/NOEMA synergy with other facilities tomorrow in S14)

I will speak mostly about what can be done with MIRI
I will show examples of disks around mostly Ae/Be stars
(because they are extended and bright in the mid-IR, but most of what I will say applies to Ttauri stars)

I will not talk much about PAHs in disks
(see presentation of P. Pilleri)
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Context
Introduction

: star and planet formation

[Shu 1989] [Frieswijk, PhD, 2008]
Figure 1.1 – Illustration of the scenario for low-mass star formation, as described in the text
(Frieswijk 2008, after Shu et al. 1987). The formation of dense cores occurs in molecular clouds
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What are the key questions ?
-

-

How do planets form ?
-

Understand the evolution of dust properties : growth, chemical structure

-

Understand the dynamical evolution of dust and gas : formation of structures,
photo-evaporation

-

Direct observations of protoplanets embedded in their disks

What is the chemical inventory at the place and moment planets form ?
-

Identify the species present in disks, and where they are in the disks

-

Evidence chemical evolution of disks

How do planets form : understand the evolution of dust
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Cold dust

-

-> large grains in the disk mid-plane
-> these grains are likely to be decoupled from the gas
IR excess

JWST-MIRI
-

Hot dust :

-> Either large hot grains close to the star : dust
composition
-> Or small (hot) dust grains, coupled to the gas in the
upper layers of the disk
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In Fig. 1 we show the inner-disk spectrum of HD 142527. The

Comet
Bopp
spectrumHale
is clearly
dominated by crystalline olivine and pyroxene.

These minerals are also the most common in Solar System objects.
No contribution from amorphous silicates is evident. As shown
below, the spectrum is in fact consistent with 100 per cent crystalline
material, making it the most crystalline dust ever observed in young
stars9. Clearly, the mechanism responsible for crystallization must
be highly efficient. Figure 2 shows the inner-and outer-disk spectra
for all three stars. We have fitted the observations using laboratory
measurements of materials that are the dominant species found in
circumstellar disks10 and interplanetary dust particles5. The derived
mass fraction of crystalline silicates, the olivine over pyroxene ratio
in the inner- and outer-disk spectra, and the fraction of material
HD
100546
that resides in large grains, are listed in Table 1.
Both in the Solar System and in circumstellar disks crystalline
silicates are found at large distances from the star. The origin of
these silicates is a matter of debate. Although in the hot inner-disk
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HD 163296

How do planets form : understand the dynamical evolution of
dust and gas

Observations in Orion
[Vicente et al. 2013]

Vol. 539

conÐguration has developed. The head of the object has
reached a quasi-steady state discussedVLT-VISIR/11µm
below. At this point
in time the tail is still evolving HST/Halpha/0.656
and has attained aµmlength
Z greater than the extension of VLT-NACO/H
the numerical2/2.1
grid.µm
tail
The middle row of Figure 2 shows the tail evolution after
the H I-front has closed on the numerical grid. Evaporated
material from the back side of the disk and redirected
material from the head accumulates in the tip of the tail
leading to a broad tail end (Fig. 2d). Induced by instabilities
at the H I-front a globule of warm PDR material breaks o†
from the tail (Fig. 2e). The instabilities arise because the thin
ionized gas compresses a denser and cooler gas (RayleighTaylor instability) and because of the tangential velocities
at the PDR side of the H I-front (Kelvin-Helmholtz
instability). The instabilities cause wavelike disturbances in
the H I-front which are recognizable at all times. In Figure
2f the object is displayed shortly after the globule left the
computational domain with the evaporating Ñow. Again
material accumulates in the tip of the tail. The periodic
departing of globules in simulation A occurs a few times
between t \ 2 ] 104 yr and t \ 7 ] 104 yr. The globules
have masses of less than 10~5 M and evaporate in less
_ explain the observed
than 103 yr. These processes may
irregularities at the tail tips of the Orion proplyds.
The long-term evolution of the head-tail object is shown
cf. presentation of J. Champion on proplyds in S09
in Figures 2gÈ2i. The object maintains its general form but
shrinks considerably. Figure 3 shows this behavior more
1” / 400 AU
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Model of a disk irradiated by a nearby massive star
[Richling & Yoke 2000]
RICHLING & YORKE

How do planets form : understand the dynamical evolution of
dust and gas

Lopsided dust concentration due
to the Rossby wave instability

Spiral density waves generated by a planet
Spiral density waves generated
by the gravitational instability

[Baruteau et al. PPVI 2014]

[Baruteau priv. com.]

Spiral-like features in circumstellar discs
Vortex-like
in circumstellar
discs
How dofeatures
planets
form : understand

the dynamical evolution of

dust and gas
Near IR

H-band PDI w/ Subaru

" ~ 100AU

0.44 mm continuum emisson w/ ALMA

1" ≡ 100AU

H/Ks bands PDI w/ VLT

HD 142157

Oph IRS 48

van der Marel+ 2013

[Avenhaus et al. 2014]

[Cassasus et al. 2013]

HD
142157
MWC
758

HD 142157

Grady+ 13

Casassus+ 13, see also Christiaens+
14, van der Plas+ 14

Avenhaus+ 14

VISIR (mid-IR)

IRS 48

ALMA (mm)

[van Der Marel et al. 2013]

Fig. 1. IRS 48 dust and gas observations. The incl

How do planets form : direct observation of protoplanets
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4. PROTOPLANET SEDS OVER TIME

transition disks.
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central star (e.g.,
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[Zhu 2014]
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disk matter. Furthermore, if lower-mass
protoplanets do
Fig. 2.— SEDs calculated for the accreting protoplanet shown in
not open deep gaps like those seen in transition disks,
Figure
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2014).
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known is generated in circumplanetary disks are shown with Temp ~ 1000 K

dashed curves, labeled by the product of planet mass and accretion rate. I also include the observed SED of the transition disk
GM Aur (adjusted to a distance of 100 pc; adapted from Zhu
2015), to demonstrate the contrast between protoplanet and central star+circumstellar disk.

Mass : ~ 1-15 MJup

To predict the appearance of accreting protoplanets, I
use calculations of the envelope structure of a forming
giant planet (e.g.,3.
Pollack
al. 1996; Mordasini et al.
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Fig. 1.— Top row: Final PSF-subtracted images of the vicinity around HD100546 in the L0 filter (left panel) and M 0 filter (right
panel).
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Chemical inventory: what are the species present in disks ?
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JWST-MIRI
-

Vibrational transitions from molecules (including
molecules with no dipole moments)

-

Warm molecular gas

-

Molecules present in ices covering dust grains

Chemical inventory: what are the species present in disks ?

Observations of the Icy Universe; ARAA 53 (2015; accepted), v. 05/05/2015
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[Boogerts 2015]
[Dartois 1998]

Figure 1: Overview of the strongest ice and dust features in the MYSO AFGL 7009S
(Dartois et al., 1998). The calculated spectrum of pure H2 O ice spheres at 10 K is
composition
shown (dashed line) to indicate the multiple H2 O bands.

-

Spatially resolved observations of the chemical

-

Ice Mapping
Sensibility to key species which are very difficult2.1
(water)
or impossible (like molecular
Most ice features are detected
pure absorption
infrared continuum
hydrogen/acetylene/carbon dioxide/methane/ethylene/benzene)
to asobserve
in bands
the against
(sub-)mm

-

Sensitive to the UV photo-chemistry (largely

point sources. Studies of the spatial variations of the ice properties are therefore
relatively rare, yet very powerful. They often rely on the presence of many point
sources (usuallyin
infrared-bright
clouds
(e.g., Taurus; Murakawa et al.
unexplored)
the gasgiants)
andbehind
in the
ices
2000). The envelope of a Class 0 YSO was mapped using background Class II LYSOs
(Pontoppidan et al., 2004), and of a dense core using Class I/II LYSOs (Pontoppidan,

Chemical inventory: how do disks chemically evolve ?

Dependance with mid plane Temp.

[Reboussin et al. A&A 2015 accepted]

Dependance with time

End

