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            Abstract
The loss of mass from protostars, in the form of a jet or outflow, is a necessary counterpart to protostellar mass accretion1,2. Outflow ejection events probably vary in their velocity and/or in the rate of mass loss. Such ‘episodic’ ejection events3 have been observed during the class 0 protostellar phase (the early accretion stage)4,5,6,7,8,9,10, and continue during the subsequent class I phase that marks the first one million years of star formation11,12,13,14. Previously observed episodic-ejection sources were relatively isolated; however, the most common sites of star formation are clusters15. Outflows link protostars with their environment and provide a viable source of the turbulence that is necessary for regulating star formation in clusters3, but it is not known how an accretion-driven jet or outflow in a clustered environment manifests itself in its earliest stage. This early stage is important in establishing the initial conditions for momentum and energy transfer to the environment as the protostar and cluster evolve. Here we report that an outflow from a young, class 0 protostar, at the hub of the very active and filamentary Serpens South protostellar cluster16,17,18, shows unambiguous episodic events. The 12C16O (J = 2−1) emission from the protostar reveals 22 distinct features of outflow ejecta, the most recent having the highest velocity. The outflow forms bipolar lobes—one of the first detectable signs of star formation—which originate from the peak of 1-mm continuum emission. Emission from the surrounding C18O envelope shows kinematics consistent with rotation and an infall of material onto the protostar. The data suggest that episodic, accretion-driven outflow begins in the earliest phase of protostellar evolution, and that the outflow remains intact in a very clustered environment, probably providing efficient momentum transfer for driving turbulence.
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                    Figure 1: 12CO molecular outflow emission centered at the class 0 protostar CARMA-7 (C7).[image: ]


Figure 2: Outflow ejecta from C7.[image: ]


Figure 3: Protostellar envelope.[image: ]
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Extended data figures and tables

Extended Data Figure 1 C18O emission from the protostellar source C7.
Top row, blueshifted emission; bottom row, redshifted emission; velocity increases from left to right. Contours begin at 4σ and increment by 4σ. Specific velocity ranges (|VLSR − Vc|, or velocity relative to cloud velocity) are given for each column. Each panel shows integrated emission from two channels. The location of peak continuum emission is marked with a magenta cross.


Extended Data Figure 2 1-mm continuum emission near the sources CARMA-7 (RA = 18 h 30 min 04.1 s, dec. = −02° 03′ 02.6″) and CARMA-6 (RA = 18 h 30 min 03.5 s, dec. = −02° 03′ 08.4″).
Contours show 10σ, 30σ, 50σ and 70σ, followed by increments of 50σ. Near these strong sources, we find the r.m.s. noise to be 0.3 mJy beam−1.


Extended Data Figure 3 Cartoon depiction of a protostellar system, showing the outflow (12CO emission), envelope (C18O emission) and disk (unresolved).
Contributions to blueshifted and redshifted molecular line emission are indicated along the outflow and envelope, assuming that the outflow is nearly in the plane of the sky with respect to the observer.





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3
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Protostellar mass loss is an important component of current star formation theories, providing both a counterbalance to protostellar accretion and a source for the turbulence required for star formation in clusters. This study presents a new view of outflow activity within the complex clustered star-forming environment, Serpens South. Adele Plunkett et al. analyse a series of unambiguous episodic outflow events from a very young Class 0 source at the hub of the protostellar cluster. The 12C16O (J = 2−1) emission reveals 22 distinct outflow ejecta features, and the most recent ejecta have the highest velocity. The data suggest that episodic accretion begins in the earliest phase of protostellar evolution, and that an outflow remains intact in a very clustered environment.
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