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INTRODUCTIONTogether with the well-known, usually observed young planetary nebulae (PNe) and protoplanetary nebulae (PPNe), which are very massive and intense inall wavelengths, there is also a group of post-AGB stars surrounded by low mass nebulae that are usually identified from their stellar properties (vanWinckel 2003, Alcolea & Bujarrabal 1991, etc). A good deal of these objects, about one half of the total, show a remarkable NIR excess, which is oftenattributed to the emission of hot dust kept close to the star, perhaps in a stable (i.e. rotating) disk (e.g. van Winckel 2003, van Aarle et al. 2012). Theseobjects show other properties, like the presence of highly processed grains and signs of reaccretion by the central star, that support the existence of long-lived components in the inner nebula. It is also remarkable that the central stars are found to be systematically close binaries (de Ruyter et al. 2005 andreferences therein). The future evolution of this class of objects is uncertain, since the stellar temperatures are still low, less than about 10000 K, and, as wewill see, the total ejected mass remains very moderate.

RESULTSWe have observed CO mm-wave emission in 24 objects of this class, using the 30m IRAM telescope and the APEX telescope (Bujarrabal et al. 2013a). COemission is detected in most observed objects, and the CO lines systematically show the characteristic profiles of rotating disks (narrow, with one or twopeaks and low-velocity wings), showing that emission very probably comes from extended disks in rotation. The formation of this kind of profiles in rotatingdisks is well established from theoretical studies and many observations of disks around young objects (see Bujarrabal & Alcolea 2013, Bujarrabal et al.2013a, and references therein). The Keplerian or quasi-Keplerian dynamics has been demonstrated by accurate maps of one of our objects, the RedRectangle, whose molecular component is dominated by an equatorial disk in rotation (Bujarrabal et al. 2005, 2013b). Maps of a second nebula, 89 Her, alsoshow indications of rotation (Bujarrabal et al. 2007). We conclude that rotating disks are present in practically all low-mass post-AGB nebulae showing NIRexcess.In the three objects that have been mapped, the Red Rectangle, 89 Her, and IRAS 19125+0343 (unpublished PdB data), gas in bipolar expansion at lowvelocity is also found. This expanding component contributes significantly to the CO profile wings (see also discussion on Herschel observation of high-J COlines by Bujarrabal & Alcolea 2013). Five other objects in our sample show conspicuous line wings, strongly suggesting that in them outflows are alsopresent. Very probably, rotating and expanding gas systematically coexist in these nebulae. From our data, we derive values of the main physical parametersof the disk and, when both components can be discriminated, of the outflows (Bujarrabal et al. 2013a). The total values of the mass are low, usually between10-3 and 10-2 Mo, always smaller than 0.1 Mo, significantly smaller than those the 'standard' PPNe and PNe.The disk is often dominant, except for two objects that show relatively wide profiles. Comparing CO data with data at other wavelengths of the beststudied objects of our sample, we find that the molecule-rich component contains practically all the nebular material, being the contributions of PDRs orionized regions negligible. Therefore, the CO-rich disk contains most of the nebular mass in most of our objects. The derived extent (diameters) of thenebulae are also moderate, of a few 1016 cm. The rotation velocities, of about 1-2 km/s, correspond to Keplerian rotation around a central mass of about1 Mo. Finally, the velocities of the outflows are also quite low, typically between 5 and 10 km/s.Recent ALMA maps of the Red Rectangle accurately show the structure and dynamics of the nebula (Bujarrabal et al. 2013b). Together with the equatorialdisk (which was known from previous PdB data), a bipolar slow flow is also well described. The bipolar outflow is found to occupy the region between thedisk and the X-shaped HST image (which would correspond to the inner illuminated boundary of the outflow). We suggest that the expanding gas resultsfrom entrainment of disk material by interaction with the fast axial jet that is known to be present in this source.

SUMMARYWe conclude that there is wide class of low-mass post-AGB nebulae characterized by thepresence of extended Keplerian disks, which are in most studied cases the dominant nebularcomponent. Many of these objects, probably most of them, present also bipolar outflowswith moderate velocities, between 5 and 10 km/s. The mass of the nebulae is always low,typically between 10-3 and 10-2 Mo.In one of these objects, the Red Rectangle, CO line maps have accurately shown thestructure and dynamics of the nebula. The Red Rectangle is composed of an equatorialrotating disk plus a bipolar outflow that seems to be composed of material extracted fromthe disk, probably by interaction with axial fast jets. In the other two objects that have beenmapped, 89 Her and IRAS 19125+0343, the data suggest similar structures.
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