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Protoplanetary discs

* Discs of gas and dust surroundlng young stars. Blrthplace for

planets
e Dust: IR-excess. \
» SED modelling
> Scattered light
> Resolved thermal emissi

* Gas: spectroscopy a gths
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observations of Young Stellar Objects: the

Protoplanetary discs

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

planets

e Dust: IR-excess.
» SED modelling
> Scattered light

> Resolved thermal emission

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

Salyk+ (2008)
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PACS spectroscopy

Far-IR spectroscopy in the 50-200 pm

Two modes: line- and range-scan

Emission from species such as: O, H,O, 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 [Ol]

* The most frequent far-IR line emission from discs
® Brightest far-IR line in discs (Gorti & Hollenbach 2008)
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...and water!

® 24% of gas-rich discs show water emission (Riviere-Marichalar+
2012)
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[Ol] emission: the disc-jet contribution
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Howard+ 2013, Riviere-Marichalar+ 2015

YSOs with outflows (or jets) show higher [Ol] for the same flux at 70 um
The difference is more pronounced for bright continuum sources

Both the jet and the disc contribute to [Ol] emission

The line flux is upper limit to disc emission
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Extended [Ol] emission

T Tau ¢ Extended emission along the
[T S S P jet direction
AR AR e Podio+ (2012): test extended
%;i:: T emission. Compare
N continuum-to-line ratio in the
;i EJL ! W 24 spaxels with that of the
* i - central one
AN TN T s Podio+ (2012): "The extended
P i " - — atomic emission may be
EW o L MJ\'”J produced by fast J-shocks"
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Extended [Ol] emission

DG TauA
e Sl ¢ Extended emission along the
L jet direction
: * Podio+ (2012): test extended

f emission. Compare
i continuum-to-line ratio in the
' 24 spaxels with that of the
> central one
e TN * Podio+ (2012): "The extended
' (|;0 di“gj‘j‘f& 2) atomic emission may be

produced by fast J-shocks"
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Extended [Ol] emission
DK Cha

* 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

Center: R.A. 12 Sgrcl%gio"dsoec =77 07 09.0 atomlc emlss,on may be

produced by fast J-shocks"
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(Riviere-Marichalar+ 2015)
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[Ol]: multiple components

¢ DK Cha: multiple components L-Gaussian fit
observed (Riviere-Marichalar+ i
2015) Za
» Low-velocity (-51-52km/s, O ey
rest_frame?) Component :: 10 63.12 63.14 Ei:azﬁausg?a.%‘as fit63 20 63.22 63.24
(disc?, stellar wind?) %
» High-velocity, red- (126—222 .

km/s) and blue-shifted (-70 = "5 g wm oo
-177 km/s) components g
(jet?) S

e Spatial distribution of the e

components Apm)
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[Ol]: multiple components

¢ DK Cha: multiple components

observed (Riviere-Marichalar+
201 5) =77.114655|
» Low-velocity (-51-52km/s,
rest-frame?) component
(disc?, stellar wind?)  J—
» High-velocity, red- (126-222#
km/s) and blue-shifted (-70 — -1z
-177 km/s) components
(let?)

=77.117264

=77.125092

T T TOF T ™~

e Spatial distribution of the
components
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(Riviere-Marichalar+ 2015)
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Other lines?
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~ 330 observations of YSOs at 63 um: [Ol] and 0-H,O
» Ages: 3-30 Myr (plus some old DD)
» Class 0, I, II, lll, transition discs, debris discs
» Spectral types Ato M
Test extended emission
Understand jet and disc contribution
Evolutionary timescales
Future prospects: extend to range spectroscopy: CO, OH, H,O,
[Cl1],...

Table 1. Sample of YSOs observed with Herschel-PACS

Source name RA Dec Sp. type  Disc type Association
- (deg) (deg) - - -

HD 105 1.468958 -41.753067 GO DD TucHor
HD 3003 8.182058 -63.0315 A0 DD TucHor
HD 3670 9.736267 -52.534284 F5 DD ColA

HD 9672 23.657412 -15.676359 Al DD/HAeBe Argus

tau Ceti 26.017 -15.937472  G8.5 DD Field?

HD 16743 39.781511 -52.934806 F1 DD Age=1.5Gyr
L1448-MM 51.412083 30.734833 - - -
TRAS03245+3002 51.912917 30.217528 - Jet? -
L1455-IRS3 52.001667 30.133694 - I Per

HBC 347 52.400875 24.510556 K1 I Taurus

HD 21997 52.973542 -25.614139 A3 DD Field?

eps Eri 53.232667 -0.45825 K2 DD -
TRAS03301+3111 53.303333 31.356722 KO0-M3 I Per

Catalogue of observations at 63 pm
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~ 330 observations of YSOs at 63 um: [Ol] and 0-H,O
» Ages: 3-30 Myr (plus some old DD)
» Class 0, I, Il, Ill, transition discs, debris discs
» Spectral types Ato M

Test extended emission

Understand jet and disc contribution

Evolutionary timescales

Future prospects: extend to range spectroscopy: CO, OH, H,O,
[cim,...
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~ 330 observations of YSOs at 63 um: [Ol] and 0-H,O
» Ages: 3-30 Myr (plus some old DD)
» Class 0, I, Il, Ill, transition discs, debris discs
» Spectral types Ato M

Test extended emission

Understand jet and disc contribution

Evolutionary timescales

Future prospects: extend to range spectroscopy: CO, OH, H,O,
[cim,...
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Ol spatial distributions
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H,0 spatial distributions
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A global picture: many parameters, many
observations

e SED: Mausts €5 amin—Tin, p...
* Thermal image, scattered light
image: Rjn, Rou, €
» Need for high spatial
resolution to access inner
disc: ALMA!, Sphere...

® Spectroscopy: gas §
composition and dynamics, (3, 1016]
va,... L

FrTTT
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» Gas and dust can have B 190 2% e
. . . . . 1.0 10.0 100.0 1000.
different spatial distribution:

ALMA! to trace gas VS dust A (um)

. - Pinte+ (2008)
® Polarimetry: dust composition

and size
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A global picture: many parameters, many
observations

e SED: Mausts €5 amin—Tin, p...
* Thermal image, scattered light
image: Rjn, Rou, €
» Need for high spatial
resolution to access inner
disc: ALMA!, Sphere...

® Spectroscopy: gas
composition and dynamics, S,
» Gas and dust can have
different spatial distribution: :
ALMA! to trace gas VS dust )

4 2 0 2 4
RA offset [arcsec]

® Polarimetry: dust composition Mo + (2013)
and size
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A global picture: many parameters, many
observations

e SED: Mausts €5 amin—Tin, p...
* Thermal image, scattered light
image: Rjn, Rou, €
» Need for high spatial
resolution to access inner
disc: ALMA!, Sphere...
® Spectroscopy: gas
composition and dynamics, S,
va,...
» Gas and dust can have
different spatial distribution:

arcseconds North

1 0.5 0 -05 -1

ALMA! to trace gas VS dust arcseconds East

. . Rodigas+ (2015)
® Polarimetry: dust composition

and size
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A global picture: many parameters, many

observations

e SED: Mausts €5 amin—Tin, p...
* Thermal image, scattered light
image: Rjn, Rou, €
» Need for high spatial
resolution to access inner
disc: ALMA!, Sphere...
® Spectroscopy: gas
composition and dynamics, S,
va,...
» Gas and dust can have
different spatial distribution:
ALMA! to trace gas VS dust

® Polarimetry: dust composition
and size
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Késpal+ (2013)
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A global picture: many parameters, many

observations

e SED: Mausts €5 amin—Tin, p...
* Thermal image, scattered light
image: Rjn, Rou, €
» Need for high spatial
resolution to access inner
disc: ALMA!, Sphere...
® Spectroscopy: gas
composition and dynamics, S,
va,...
» Gas and dust can have
different spatial distribution:
ALMA! to trace gas VS dust

® Polarimetry: dust composition
and size
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. Catalégue of spec : i "3;30 YSQO’s
¢ Disentangle jet an
odeI the gas content
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