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Protoplanetary discs

• Discs of gas and dust surrounding young stars. Birthplace for

planets
• Dust: IR-excess.

◮ SED modelling
◮ Scattered light
◮ Resolved thermal emission

• Gas: spectroscopy at many wavelengths
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SED: dust
Pinte+ (2008)

Scattered light
imaging: dust
Pinte+ (2008)

Continuum thermal
emission: dust

Williams and Cieza (2009)
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Protoplanetary discs

• Discs of gas and dust surrounding young stars. Birthplace for

planets
• Dust: IR-excess.

◮ SED modelling
◮ Scattered light
◮ Resolved thermal emission

• Gas: spectroscopy at many wavelengths

Sub-mm spectroscopy: gas
Williams and Cieza (2009)

Near-IR spectroscopy: gas
Salyk+ (2008)
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PACS spectroscopy

• Far-IR spectroscopy in the 50-200 µm

• Two modes: line- and range-scan
• Emission from species such as: O, H2O, CH

+, OH, [CII]
• PACS IFU: spatial information
• Many PACS programs to observe gas in protoplanetary discs:

GASPS, DIGIT, WISH, ...
• More than 300 YSOs observed with PACS spectroscopy
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Observations of [OI]

• The most frequent far-IR line emission from discs

• Brightest far-IR line in discs (Gorti & Hollenbach 2008)

Observations of YSOs at 63 µm 4 / 15



P. Riviere-Marichalar

Catalogue of Herschel-PACS spectroscopic
observations of Young Stellar Objects: the

jet-disc contribution

...and water!

• 24% of gas-rich discs show water emission (Riviere-Marichalar+

2012)
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[OI] emission: the disc-jet contribution

Howard+ 2013, Riviere-Marichalar+ 2015

• YSOs with outflows (or jets) show higher [OI] for the same flux at 70 µm

• The difference is more pronounced for bright continuum sources
• Both the jet and the disc contribute to [OI] emission
• The line flux is upper limit to disc emission
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Extended [OI] emission
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• Extended emission along the

jet direction

• Podio+ (2012): test extended

emission. Compare

continuum-to-line ratio in the

24 spaxels with that of the

central one

• Podio+ (2012): "The extended

atomic emission may be

produced by fast J-shocks"
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Extended [OI] emission
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Extended [OI] emission

DK Cha

(Riviere-Marichalar+ 2015)
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[OI]: multiple components

• DK Cha: multiple components
observed (Riviere-Marichalar+
2015)

◮ Low-velocity (-51–52km/s,

rest-frame?) component

(disc?, stellar wind?)
◮ High-velocity, red- (126–222

km/s) and blue-shifted (-70 –

-177 km/s) components
(jet?)

• Spatial distribution of the

components
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[OI]: multiple components

• DK Cha: multiple components
observed (Riviere-Marichalar+
2015)

◮ Low-velocity (-51–52km/s,
rest-frame?) component

(disc?, stellar wind?)
◮ High-velocity, red- (126–222

km/s) and blue-shifted (-70 –

-177 km/s) components

(jet?)

• Spatial distribution of the

components

(Riviere-Marichalar+ 2015)
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Other lines?

(Alonso & Riviere-Marichalar, to be submitted)
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• ∼ 330 observations of YSOs at 63 µm: [OI] and o-H2O

◮ Ages: 3–30 Myr (plus some old DD)
◮ Class 0, I, II, III, transition discs, debris discs
◮ Spectral types A to M

• Test extended emission
• Understand jet and disc contribution
• Evolutionary timescales
• Future prospects: extend to range spectroscopy: CO, OH, H2O,

[CII],...

Catalogue of observations at 63 µm 10 / 15
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• ∼ 330 observations of YSOs at 63 µm: [OI] and o-H2O

◮ Ages: 3–30 Myr (plus some old DD)
◮ Class 0, I, II, III, transition discs, debris discs
◮ Spectral types A to M
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• Future prospects: extend to range spectroscopy: CO, OH, H2O,

[CII],...

10-17 10-16 10-15 10-14 10-13

F[OI] (erg/cm
2 /s/Å)

10-17

10-16

10-15

10-14

10-13

F
[O

I]
[3
x
3]

 (
er
g/

cm
2
/s
/Å

)

Catalogue of observations at 63 µm 10 / 15



P. Riviere-Marichalar

Catalogue of Herschel-PACS spectroscopic
observations of Young Stellar Objects: the

jet-disc contribution

• ∼ 330 observations of YSOs at 63 µm: [OI] and o-H2O

◮ Ages: 3–30 Myr (plus some old DD)
◮ Class 0, I, II, III, transition discs, debris discs
◮ Spectral types A to M

• Test extended emission
• Understand jet and disc contribution
• Evolutionary timescales
• Future prospects: extend to range spectroscopy: CO, OH, H2O,

[CII],...
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OI spatial distributions
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H2O spatial distributions
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A global picture: many parameters, many
observations

• SED: Mdust, ǫ, amin–rin, p...

• Thermal image, scattered light
image: Rin, Rout, ǫ

◮ Need for high spatial

resolution to access inner
disc: ALMA!, Sphere...

• Spectroscopy: gas
composition and dynamics, β,
fUV,...

◮ Gas and dust can have

different spatial distribution:

ALMA! to trace gas VS dust

• Polarimetry: dust composition

and size
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A global picture: many parameters, many
observations

• SED: Mdust, ǫ, amin–rin, p...

• Thermal image, scattered light
image: Rin, Rout, ǫ

◮ Need for high spatial

resolution to access inner
disc: ALMA!, Sphere...

• Spectroscopy: gas
composition and dynamics, β,
fUV,...

◮ Gas and dust can have

different spatial distribution:

ALMA! to trace gas VS dust

• Polarimetry: dust composition

and size
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A global picture: many parameters, many
observations

• SED: Mdust, ǫ, amin–rin, p...

• Thermal image, scattered light
image: Rin, Rout, ǫ

◮ Need for high spatial

resolution to access inner
disc: ALMA!, Sphere...

• Spectroscopy: gas
composition and dynamics, β,
fUV,...

◮ Gas and dust can have

different spatial distribution:

ALMA! to trace gas VS dust

• Polarimetry: dust composition

and size
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A global picture: many parameters, many
observations

• SED: Mdust, ǫ, amin–rin, p...

• Thermal image, scattered light
image: Rin, Rout, ǫ

◮ Need for high spatial

resolution to access inner
disc: ALMA!, Sphere...

• Spectroscopy: gas
composition and dynamics, β,
fUV,...

◮ Gas and dust can have

different spatial distribution:

ALMA! to trace gas VS dust

• Polarimetry: dust composition

and size

-4 -2 0 2 4 6 8
vLSR (km s-1)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

S
C

O
 (

J
y
)

12CO(3-2)
12CO(2-1)
13CO(3-2)
13CO(2-1)

C18O(2-1)

Kóspál+ (2013)

Catalogue of observations at 63 µm 13 / 15



P. Riviere-Marichalar

Catalogue of Herschel-PACS spectroscopic
observations of Young Stellar Objects: the

jet-disc contribution

A global picture: many parameters, many
observations

• SED: Mdust, ǫ, amin–rin, p...

• Thermal image, scattered light
image: Rin, Rout, ǫ

◮ Need for high spatial

resolution to access inner
disc: ALMA!, Sphere...

• Spectroscopy: gas
composition and dynamics, β,
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• Catalogue of spectroscopic observations of > 330 YSO’s

• Disentangle jet and disc contribution to [OI] emission

• Complement with other lines to model the gas content
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Thanks for your attention
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