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As part of Herschel’s key programme “Gas in Protoplanetary Systems” (GASPS), we have analyzed far-IR (60—190um) spectra of protoplanetary discs around 76 T Tauri stars located in Taurus in
different evolutionary states (Class | down to Class Ill), 27 show jet/outflow activity. We derived fluxes of all detected atomic and molecular lines — [Ol], [Cll], CO, H,O and OH — to produce a
complete and consistent FIR lines catalogue. Outflow sources are found to have the richest spectra and highest line fluxes, while non-outflow sources are rather poor in lines. We find correlations
between several emission lines which suggests a common origin. To verify whether the line emission is associated with the protoplanetary disc or shocks, we compared the observed line fluxes and
their ratios with disc and shock models. We find that just from an observational perspective, the outflow rather than the disc dominates the emission at early evolutionary stages (Class I/I1).

SAMPLE & OBSERVATIONS

What scenarios are compatible with these observations?

The sample is composed of 76 T Tauri stars with spectral types
between GO—MG6. According to their SED classification these
stars are in different evolutionary states, from Class | to Class Ill.
More than one third are binaries and 27 show jet/outflow
activity.

The observations were conducted with the PACS spectrometer
in chop—nod mode to remove the background emission.

JET SCENARIO DISC SCENARIO

The jet/outflow scenario is predominantly favoured by: The disc scenario is predominantly favoured by:

1. Detections in outflows (Fig. 1)
2. Extended emission in outflow
3. Compatibility with shock mod

1. Correlations with dust tracers (Fig. 4)
2. Compact molecular emission
3. Compatibility with disc models, but fail for high fluxes

es (Podio et al. 2012)
gs. 2 and 3)
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CONCLUSIONS

Fig. 1. Line emission detection fractions for the different species observed
within PACS range. Objects with (top) and without (bottom) an outflow.
The number on top of the bars refer to the total detections fractions.

 The observed correlations support the interpretation of jet/outflows as the dominant contributor to FIR line emission.

1.-Dpto. de Fisica Teodrica, Fac. Ciencias, UAM Campus Cantoblanco, 28049
Madrid, Spain; 2.-Astro-UAM, UAM, Unidad Asociada CSIC; 3.-Dpto. de
Astrofisica, Centro de Astrobiologia, ESAC Campus, P.O. Box 78, E-28691
Villanueva de la Canada, Madrid, Spain; 4.-Kapteyn Astronomical Institute,
University of Groningen, Postbus 800, 9700 AV Groningen, The .
Netherlands; 5.-Department of Astronomy, University of Arizona, 933
North Cherry Avenue, Tucson, AZ 85721, USA; 6.-INAF - Osservatorio
Astrofisico di Arcetri, Largo E. Fermi 5, 50125, Firenze, Italy; 7.-ALMA SCO,
Alonso de Cordova 3107, Vitacura 763-0355, Santiago, Chile.

* The correlations with 70um indicate that the contribution from the disc to the [Ol] 63 um line may be up to 50% for the jet/
outflow sources.

Fast (V.. = 50—130 km/s) J-shocks at low densities (n = 10° cm™3) and PDR models can reproduce the [Ol]63/[0I1]145 and
[CII]158/[01]63 line ratios observed. Although [CII] is most likely associated with PDR emission from the reflection nebulae.

* Molecular emission (CO, H,0 and OH) can be reproduced with J- and C- type shocks with V, . =15-30 km /s and n = 10%-10°
cm.

Reference: Alonso-Martinez et al.. submitted * Massive discs and/or low dust-to-gas ratios may also account for the high molecular fluxes.
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» Spatially and/or velocity resolved observations are needed to pin-point the origin of the emission lines. Moreover, complex

Background image: Artist's impression of the baby star TMC-1A models including discs, jets and their interaction are needed to interpret these observations. $ ' ‘ “)
- .

(Credits: National Astronomical Observatory of Japan).



